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Hxoc; kqi cpcoc; 



H Kco6a)voKpouoia tou cpcoToc; 

pat; i)rro6£X£Tai 

oto £av0o otKpoGaAaoai 

Tiawqt; Pitoo^ 

AoTpacpT£i Kai BpovTa, Aeei o Aa oc; pac; Korra Tq SiapKEia piac; KaTaiyfSac;. 
XpqoipoTroiEi, SqAaSq, Suo SiacpopETiKa pqpaTa yia va 5iaxcopia£i pETa^u 
tovc; Ta Suo KupioTEpa oq/jara , to cptoravo Kai to qxqTiKO, 7100 p£Ta6i6a^o- 
vTai otto to aaTpoTT£A£Ki TTpo^ tic; aia0qo£i(; pac;. Xto otixo, BsBaia, ttou 
rrapa0EToup£, o TToiqTqc; avayvcopi^Ei Kdnroia ouyyEVEia avapEoa otov qx° 
Kai to cpcoc; Kai piAcbvTac; yia KtoStovoKpouoia aTnSi'SEi oto cpcoc; pia 
aKoucrriKOTqTa. O Aao<; KaTavoEi tov TroiqTiKo crnxo TrapoAo ttou ouvqGfc^i 
va SiaKpivEi Ta 5uo SiacpopETiKa oqpaTa. Espsi ttcoc;, otov ttecptei acrrpoTTE- 
Aeki, to Eva auo aura cpravEi oto paTi «aoTpaTTiaia» evco to dAAo 
Ka0uoT£p£i. Kai Ta 5uo oqpaTa TTqya^ouv otto to ootpotteAeki, pETaSi'So- 
vtoi p£oa aTro tov a£pa, aAAa Eivai SiacpopETiKa. Oi Ouoikoi exouv 
UTT oAoyioEi 6 ti to oqpa ttou aTT£u0uv£Tai otov apcpiBAqoTpoEiSq xiTcova tou 
paTiou «Ta^i6EU£i» p£ TaxuTqTa 300.000 xiAiopnpcov to SeutepoAettto evco q 
TaxoTqTa tou qxqTiKou oqpaTOc; ttou avixvEUETai c'tto to TupTTavo tou 
aUTlOU Eivai EKOTOVTCxBeCJ X^ldSEc; CpOpES piKpOTEpq. 340 TTEpITTOU pETpa TO 
SeutepoAettto. 'Evac; TrapaTqpqTqc; oe aTrooTaoq Tpicbv xiAiopETpcov otto tov 
KE pauvo avTiAapBavETai to cpcoc; ttou EKTTEpiTETai p£oa o' Eva ekotovtokic; 
XiAiooto tou SeutepoAettto u evco yia Tq BpovTq ttpettei va "~oip£V£i evveo 
TTE pITTOU SEUTEpoAETTTa. 



METaBiBaoq TrAqpocpopfac; kqi EVEpysiac; 

Kai Sev Eivai povo o qx°S Kai TO cp<^S* Mia psydAq ttoikiAio popcptbv 
ETTiKOivcovfac; tooo avapEoa oe avGpcoTrouc; ooo Kai ysviKOTEpa avapEoa oe 
Suo OTTOiaSqTTOTE TpqpaTa tou aupTTavTOc; AsiToupyEi p£oa otto TTapopoia 
«aqpaTa». 

Auo cpiAoi BpiOKovTCf erne; aTTEvavTi ox0£S P |a S psydAqc; Aipvqc;. O Evac; 
otto auTouc; ipapEUEi Kai ex^i evtottioei Tqv trpoooxq tou o' outo ttou kovei 
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EKEi'vq Tr| OTiypq. O aAAos exei q6q payEipEipEi kcu yia tous 6uo Kai 

TTpOCnTO0Ef VCK pETQScbOEl OTOV OtTTEVQVTI Tqv TrAqpocpopia OTI «TO CpayqTO 
Eivai £TOipO». 

E va S TpoTro^ yia va to xaTacpEpEi Eivai va tou cpcova^Ei SuvaTd q aKopa 
KaAuTEpa va tou acpupi^Ei ottgos xdvouv oi TOOTrdvqSES otov 0eAouv va 
ETTiKoivu)vr]aouv otto psyaAq aTrdoTaoq. 




Evas aAAos TpoTi os dvai va ekto^euoei -npos Tqv aTTEvavn ox0r| Eva 6eAos 
P £ KaTaAAr|Ao aqpEicopa ttou 0a cpTaoEi kovto oto cpiAo tou. 

Mttopei' aKopa va tteto^ei ctto ve P o evo pEydAo 6oToaAo, ottote q 
ETncpavEia Tqs Afpvqs 0a puTiScboEi oe opoxEVTpous kukAous ttou 0a 
auAcovovTai yia va cpTaoouv Kai va p£Ta8i6aoouv pia TTAqpocpopia otov 
aiTEvavTi cpi'Ao tou. Av ex ei TrpouTrap^Ei jpcpoovia pETa^u tous, ° cpiAos ttou 
ipapEUEi 0a aTTOKO)8iKOTToiqa£i Tqv TrAqpocpopia, pETacppd^ovTas oti to 
cpayqTO Eivai EToipo. 

Mttopei, opcos, va xpqoipoTTOiqaEi xai to cpcos- Av, Aoyou xapiv, SioOetei 
E va q>aKo, piTopEi', ava6oo6qvovTas tov, va ETriKoivcovqoEi p£ tov cpiAo tou. 
BeGoio, crrqv ETTOxq pas Eva walky-talky (youdKi-To;.i) 0a pTropouaE va 
pETa6i6do£i Tqv TrAqpocpopia aKopa xaAuTEpa. 

As ouyKpivoupE Tcup a tis ttevte SiacpopETixEs popcpss pETdSooqs tou 
pqvupaTos- 

Xe oxEoq p£ oAes tis aAAss q ETTixoivcovia pE to 6 eAos Epcpavi^Ei evq otoixeio 
ttou Tqv SiacpopoTTOiEi oqpavTixd. npaypaTOTroiEiTai ps (. ,Taxivqoq — otto 
tov TTopTTO Trpos to SEKTq— evos uAixou ocopaTos, tou SeAous SqAaSq TTOU 
EKTo^EUTqKE. Xe xapid otto tis oAAes TTEpiTTTCoaEis Sev EyivE koti avdAoyo. 
Axopa KOI crrqv TTEpiTTTcooq Tqs TTETpas TTOU etteoe OTq Ai'pvq KOI Tqs 
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«puTi8coo£» Tqv ETTicpavEia, btv eAoBe x^P 01 pETaKivqaq vepou Trpoc; tov 
aTTo6£KTr| tou pqvupaToc;. Eva piKpo ^uAapaKi ttou 0a tuxcuve va ettittAeei 
a£ kottoio oqpsio Tqc; £TTicpav£ia^ Sev 0a TTapaaupoTav Trpoc; Tr|v koteuBuv- 
oq tou 8£KTq, aAAa aTrAa 0a TTaAiv8popoua£ KaTaKopucpa pipoupEVO Tqv 
Kivqaq piac; yEiToviKqc; uypqc; TToaoTqTac;. Auto, 8qAa8q, ttou p£Tacp£p0qK£ 
f\jav eva oqpa yia EVEpyoTTOiqaq tcov uypcov TroaoTqTCOv Tqc; ETTicpavEiac; oe 
toAovtcooeic; KOTaKopucpEc;, Eva aqpa ttou p£TaSo0qK£ p^xpi Tqv avThTEpa 
6x0q ki eyive avTiAqTrro otto to cpiAo ttou eixe OTpappsvq Tqv Trpoaoxq TOU 
aAAou. 

AAAa Kai to qxqTiKo °qpa ttou p£Ta6o0r|K£ psaa aTTO tov a£pa 5 ev 
ouv o5£UTr|K£ otto pETaKivqaq aEpicov TroaoTqTcov, ottcoc; 0a pTTopouaE, 
facoc;, va uttoBeoei kotitoioc; ttou 6ev exei peAet^oei to qxqTiKa cpaivopEva. 
Kara Tq pETaSooq tou oqpaToc; Sqpioupyq0qKav otov aepa TTUKvcopaTa Kai 
apaicbpaTa, petoBoAec;, SqAaSq,'aTqv TriEaq Kai arqv ttukvot^to tou, oi 
ottoie^ «Ta$i8£ipav» p^xpi to auTi tou SEKTq. METacpopd EVEpyEiac; EyivE, q 
TrAqpocpopia p£Ta860qK£, o aepac; ettoi^e to poAo tou SiapEaou, aAAa Sev 
p£TaKivq0qKav aspiEc; TToooTqTEc; Trpoc; Tqv KaTEuOuvoq tou SEKTq, ottcoc;, 
yia TTapaSEiypa, oupBaivEi OTav cpuoaEi avEpoc;. 

Ztk ; Suo aAAec; ttepitttcooeic; tooo to cpcoTEivo aqpa ooo Kai to qAEKTpopa- 
yvqTiKO aqpa Tqc; ouoKEuqt; EcpTaoE otov TTpoopiopo tou p£ TpopEpq 
TaxuTqTa, pETaBiBa^ovTac; Tqv TTAqpocpopfa Kai OTTcoaSqTTOTE pETacpEpo- 
vTac; EVEpytia. 

'Eva aKopa otoixeio Eivai yia tic; TEOOEpic; TTEpiTTTcboEic; koivo. H pETaSooq 
tou oqpaToc; auvoSEUTqKE otto kottoiec; petoBoAec; ttou TrapouoiacrrqKav oe 
opiopevEc; iSiOTqTEc; tou pEoou SiaSoaqc;. To pqvupa p£ Tqv TTETpa ttpokoeAe- 
oe petoBoAec; OTqv KivqTiKq KaraoTaaq tou VEpou Tqc; ETncpavsiac;. Kara Tq 
SiaSoaq tou TTapouofaoav xpovikec; petoBoAec; oi TipEc; tcov KaTaKopucpcov 
TaxuTqTcov tcov uSomvcov TroaoTqTcov Tqc; ETTicpavEiac;. To qxqTiKO aqpa 
TrpoKaAEOE xpoviKEc; petoBoAec; otic; TipEc; Tqc; TriEaqc; tou a£pa. To qAEKTpo- 
payvqTiKO aqpa Tqc; auaKEuqc; auvoSsuTqKE otto tic; xpovikec; petoBoAec; evoc; 
qAEKTpopayvqTiKou tteSiou evco koti Trapopoio auvEBq Kai p£ to cpcoT£ivo 4 
oqpa, aupcpcova TOuAaxiOTOv p£ Tq 0£copia tou Maxwell. 

Na ouvocpfaoupE. Ta Koiva otoixeioi KaTa Tq p£Ta8oaq tcov TEoaapcov 
8iacpop£TiKcov aqpaTcov Eivai: 

1. Ka0£va aTro auTa Ta yEyovoTa AapBavEi x^P 01 P^oa aiTO pia 
auyKEKpipEvq xpoviKq aAAqAouxia. npoqyEiTai q EKTTopTrq, ettokoAouBei q 
p£Ta8ooq Kai q Aqipq. 

EKTTopTrq pETaSooq => Aqipq 

YTTapxEi/ 8qAa8q, avTiaroixa £va^ ttopttoc;, Eva pEOO 8iaSoaqc; Kai Evac; 
8£KTqc; avixvEUTqc; tou oqpaToc;. 

2. Kai otic; TEOOEpic; TTEpiTTTcboEic; pETaBiBa^ETai aiTO tov ttoptto Trpo^ to 
SEKT q KaiToia auyKEKpipEvq TtAqpocpopia. 
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3. Kai otic; TEGOEpic; ttepitttcooeic; TTapaTqpEfTai pETacpopa evcpysia^ otto 

TOV TTOpTTO TTpO<; TO SEKTq . 

4. Aev TTapaTr|p£iTai pETOKivqoq uAikou acopaToc; otto tov ttoptto Trpoc; to 
5£KTrj o£ Kapia TTEpmrcoaq otto tic; TEGOEpic;., 

5. Kara rr\ pETaSoaq tcov aqporrcov TTapaTqpouvTai aAAoicboeic; tcov 
iSiOTqTcov too pEGOU 5ia6ooqc;. 

Kuporra. Ka0£ oqpa, to ottoio koto Tq peraSoaq too TTapouoia^Ei to 
T rapaTTavco yvcopiapaTa eite to xapaKTqpi^oupE co<; Kupa, eite A £p£ yi' outo 
oti p£Ta6i5£Tai p£ Tq popcpq KupaToc;. 

To Kupa £ivai pia popcpq Kivqaqc; Tqc; uAqc; koto Tqv ottoio 6ev 
TT apaTqp£iTai pETOKivqoq evoc; uAikou acopaToc;, ottcoc; aupBaivei, yia 
TTapaSEiypa, p£ tic; aicopqoEic; evoc; EKKpEpouc; q p£ tic; KivqaEic; tcov 
qAEKTpovicov psaa otov koGoSiko acoAqva Tqc; TqAEOpaaqc;. To iSiaiTEpo 
yvcopiopa too KupaToc; p£oa OTqv uAq (cpopsa) Eivai oti ouvteAeitoi 
pETacpopa TTAqpocpopiac; Kai EVEpyEiac; Trpoc; opiopsvq KOTEuGuvaq X^P’S Ta 
auoTcrriKa tou uAikou «cpop£a» va pETOKIVOUVTOI TTpOc; Tqv KaT£U0UVOq 
auTq. Eivai koti oav pia cpqpq yia ava5iap0pcoaq Tqc; KuBEpvqaqc;, q ottoio 
£,£K iva£i otto Tqv A0qva Kai cpravEi 
ttoAu ypqyopa OTqv Kap6iToa X^P'S 
KOVEVO OTTO TO OTOpa TTOU TTqpOV 

pspoc; OTq 5ia5ooq Tqc; va p£TOKivq0£[ 
otto Tqv apxiKq 0£aq too. 

Ac; SoupE, opcoc;, koi ti 8ev dvai 
Kupa. To VEpO TTOU KaTEBa^EI Eva 
TTOTapi pETacpEpEi TrAqpocpopia Kai 
EVEpyEia aAAa q pETacpopa auTq 8 ev 
eX£i to xapaKTqpa KupaToc; yiad o' 
auTqv Tqv TrEprrmoaq ouvteAeitoi p£- 
TaKivqoq u5cmvqc; pa^ac; otto tic; Trq- 
yd; TTpoc; Tq auyKEKpipEvq koteuGuv- 
oq, k6cti avaAoyo, 6qAa5q, p£ outo 
TTOU OUpBaiVEI KOI p£ TqV EKTO^EUOq 
tou BeAouc; otto Tq pia ox0q Tqc; 

Afpvqc; OTqv aTTEvavTi . 

AvtiGeto q EVEpyEia koi q TrAqpocpo- 
pfa Tqv ottoio pETaBiBa^Ei oto outi 
tou aKpoaTq to BioAovtoeAo evoc; ko- 
VTOEpTOu, q cpcovq piac; AaiKqc; Tpa- 
youSkrrpiac;, to kAo^ov evoc; yiarra x 1 
q q OEipqva evoc; voooKopEiaKOu, q 
EVEpysia koi q TrAqpocpopia Tqv ottoio 
q KaaaiOTrq piac; ^aaTEpqc; vuxtoc; 
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[j£Ta6i6a^£i oTa pdma pac; Kai oi 
aopaTOi yia to avGpcbmvo pan aoTE- 
psc; ora psyaAa paSiOTqAeoKOTTia, q 
£V£py£ia koi q TrAqpocpopfa ttou p£Ta- 
6i8a^£Tai oto pttetov app£ Tqc; ttoAu- 
KaToiKias pat; arro to paKpivo ettike- 
vTpo £vo<; OEiapou ttou pac; avacrrd- 
tco oe, q £V£py£ia koi TrAqpocpopia ttou 
p£Ta6i6a^£i oto paSiocpcoviKo 6£KTq 
pa<^ KaTTOIOS TTOpTTOC; Tq<; EPT, OTTOTE- 
Aouv cpaivopEva KupaTiKou xapotKTq- 
pa ottoteAouv p' aAAa Aoyia popcpec; 
Kivqaqc; Tq$ uAqc; ttou TTpaYpciTOTroi- 
ouvtgi p£ pqxaviopo KupaTiKo. 

Ka0£ Kupa avixvEUETai p£ KaraAAq- 
Ao 5£KTq-avixv£UTq ottcoc; Eivai to pi- 
Kpocpcovo, q cpcjDToypacpiKq TrAaKa, o 
OEiopoypacpoc; koi q ouoKEuq Tqc; Tq- 
AEopaoqq. Auo tetoiouc; TroAunpouc; 
avixvEUTiKOuc; pqxaviapouc; 5ia0e- 
touv koi oi av0pcoTToi. To pan yia Ta 
cpcoTEiva KupaTa Kai to aun yia to 
qxqTiKa KupaTa — oe ouvSuaopo pe 
touc; pqxaviopouc; pETaBfBaoqc; otov 
EyKEcpaAo — avixvEuouv Kai KaTaypa- 
cpouv tic; avTiOTOix^S 'n'AqpocpopiEc;- 
pqvupaTa ttou cpGavouv otto tov 
«e£o)» KOOpO, OTOV OTTOIO KCX0E OITOpO 

^ei. H opaoq Kai q aKoq 5ev Eivai povo 
pEoa ETTiSicooqc; aAAa Kai opyava ttou 
ouvEiocpEpouv oto aroxotopo Kai Kara 
ouvETTEia otov EpTrAounopo tou aTopou ttou ouvex^etoi aaTaporrqTa aTTO 
Tqv TTpooTq pepa ttou oi 6uo outec; aioGqotic; apxf^ouv va AEiTOupyouv. 

ISiaiTEpo Ev6iacp£pov Trapouoia^ouv Ta KupaTa ttou TrapayovTai otto 
TiaApiKEc; TTEpioSiKE^ Kivqoeiq. Tetoioc; popcpqc; Eivai Ta qxqnKa Kai Ta 
qAEKTpopayvqnKa KupaTa. fTqyEc; aunov tcov Kupdrrcov Eivai oi Asyopevoi 
TaAavTcoTEc;, TraAAopeva, SqAaSq, ouoTqpaTa, q oupTTEpicpopa tcov ottoicov 
XapaKTqpi^ETai otto pia opiopevq TTEpioSo Kai opiopEvq ou\v OTqTa. AAAa 
Kai oi avixvEUTEc; aunov tcov Kuporrcov Eivai ETrioqc; ouoTqpaTa, Ta ottoio 
Eivai SuvaTov va uTTo6Aq0ouv oe TraApiKq TTEpioSiKq Kivqoq. O qx°S T HS 
XopSqc; piac; Ki0apa<; TTapayETai otto KaiTOia TraApiKq TT£pio6iKq Kivqoq 
(pqXaviKq TaAavTCooq), 5ia8f5£Tai aAAoicbvovTac; TTEpioSiKa Tqv TTieoq Kai 
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Tqv TTUKVOTqTa tou a£pa Kai avixvEunai, ottooc; ExoupE ttei, otto tov 
KaTaAAqAo TaAavTarrq (tujjttcxvo) ttou 8ia0£T£i to auTi tou av0payrrou. To 
paSiocpcoviKo Kupa EKTrEpirrrai koto Tqv qAEKTpiKq TaAavTooaq evoc^ iraAAo- 
p£vou 8ittoAou, Sia8iS£Tai ax; iT£pio8i- 
Ka p£Ta6aAAop£vo qAEKTpopayvqTiKo 
tteSio Kai avixv£U£Tai otto Tr|v KEpafa, 
tov KaraAAqAo SqAa8q qAEKTpopa- 
yvqTiKO TaAavTCOTr| ttou Sia0£T£i o 
paSiocpcoviKO^ SEKTqc; pa<;. 

XtO TTapaKOCTCO p£ tov opo «KUpa» 

0a EVVOOUpE TO «TT£plo5lKO Kupa». Tia 
va KaTavoqaoupE, opooc;, Tq aupiTEpi- 
cpopa tou 0a XP £iacr ™ TTpoqyoupE- 
vax; va aoxoAq0oup£ p£ Tq pcAeTq tou 
cpaivopEvou «TaAavT(oaq». 0a aaxo- 
Aq0oup£ TTpcoTa p£ Tq AsyopEvq «pq- 
XaviKrj» TaAavTGoaq, Tqv uaApiKq, 6q- 
Aa8q, Kivqoq evoc; uAikou oqpEiou, q 
OTTOia pTTOpEI va p£A£Tq0£I p£ TOUCJ 
V£UTCOVIKOU^ vopouc; Tq<; Kivqoqq. ZTq 
ouv£X£ia 0a pEAETqooupE Tq AeyopEvq 
«qA£KTpiKq» TaAavTcooq, Tqv EiSiKq, 

8qAaSq, oupTTEpicpopa evo<; qAEKTpi- 
KOU KUKAcbpaTO<; TTOU 6iapp££Tai OTTO 

evaAAaaaopEvo pEupa. Kai otic; 8uo 

1T£plTTTCbO£ICJ TO ^qTqpa 0a aVTipETCOTTIOTEI KOI OTTO Tq OKOTTld tcov EVEpyeia- 
kcov SiaSiKaoicov. 0a £TricrrpaT£uooup£ Kai £va opiopsvo povteAo yia Ka0£ 
TrepiTTTCoaq. Zti<; pqxaviK£<; toAovtco oek; to povteAo 0a Eivai Eva EAaTqpio, 
OTqv aKpq tou ottoiou 6piOK£Tai TTpooappoopEvo Eva ocopa ttou pnopEi va 
ekteAei TTaAivSpopiKrj Kivqoq x<^P*S va ouvteAeitoi EVEpyEiaKq uTTo6a0piaq. 
Xtic; qA£KTpiK£<; toAovtcooek; to povteAo pa<; 0a Eivai eva KUKAcopa pETrqvio, 
TTUKvcoTq Kai apsAqTsa copiKq avTioTaoq, to ottoio Eivai 8 uvoto va 
6iapp££Tai otto evaAAaooopEvo pEupa, x^P'S ETTioq*; va oupBaivei EVEpyEia- 
Kq UTro6a0pioq. 
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Mr|\aviK£<; TaAavTcoatic; 



Zto povteAo ttou TT£piypdipa|j£ to ocbpa — pa^ac; m — 0£cop£iTai coc; uAiko 
oqpEio, to ottoio pTTopEi va KivErrai Eu0uypappa koi TTaAivSpopiKa Travco o£ 
opi^ovTia £TTicpdv£ia TpiBd;. To crraOEpdc; «k» EAaTqpio Eivai iSaviKo, 

TTpaypa ttou oqpaivEi oti koto ti<; ouoTTEipcboEic; koi ti<; ETTipqKuvoEK; too 
Sev TrapaTr|p£iTai UTro6a0pioq Tqc; EvspyEiac;. iTq 0£oq, orqv ottoio to 



EAaTqpio Trapouoia^Ei to cpuoiKO pqKoc; tou, to ouoTqpa looppOTTEi. Eivai 
pia looppOTTia £uoTa0rj^ Kcrra tijv ottoiq — ottox; Eivai yvcooTo — to 
ouoTqpa TTapouoia^Ei tt|v cAoxioti] buvapiKq EVEpyeia. 'Otov to ouarqpa 
T£0£i o£ TTaAivSpopiKq Kivqoq q 0£oq auTq (O) 0a AtyETai 0£oq looppoiTiac;. 
H EKOOTOTE 0£aq TOU KIVOUpEVOU OCbpaTO<; OX; upoc; £Va auyK£Kpip£VO 
oucrrqpa a^ovcov 0a piropEi va Trpoa5iopi^£Tai p£ Tq 6oq0£ia evoc; Siavuopa- 
to<; 0£oq<; x, to OTToio to Ae|je Kai «aiTopQKpuvoq». To Siavuopa 0a exei coc; 
ap X q Tqv apxq tcov a^ovcov Kai ax; TTEpac; Tqv ekootote 0£oq tou KivqTOU. 
Eivai BoAiko va oupcpcovqooupE va 0£copoup£ oti q apxq tcov a^ovcov 
oupTTiTTTEi p£ Tq 0£oq looppoTnac; (O) Kai oti o af^ovac; x oupttitttei p£ Tqv 
£u0uypappq Tpoxid p£0£TiKq cpopa — ottox; cpaivETai Kai oto oxnpa — Trpoc; 
Ta Se^icx. 

YoTEpa otto auTqv Tq 0£<opqoq eukoAo yfvETai KaTavoqTO yia Tqv 
EKacrroTE aAyEBpiKq Tipq Tqc; aTTopaKpuvoq<; (oe oxdrq p£ tov a^ova x) oti: 

(i) 0a Eivai 0£TiKq otov to ocbpa 0a BpiOKETai Se^icx otto Tq 0£oq 
looppoTriac; Kai apvqTiKq otov 0a BpiOKETai apiorepa otto Tq 0£oq auTq Kai 

OTI 

(ii) kot' aTToAuTq Tipq 0a oupTTmTEi p£ Tqv ETTipqKuvoq (q ouarrEipcoaq) 
«A /» ttou 0a Epcpavi^Ei to EAaTqpio EKEivq Tq OTiypq. 0a Eivai 5qAa5q |A/| = 
|x|. 

Ztt| yAaiooa tt \<; EVEpyeia^. MiropoupE va apxiooupE Tq pfiAdrq pac; 
TTEpiypacpovTa^ Tq oupTTEpicpopa tou ouoTqpaTO<; OTq yAcbooa Tqc; 
EVEpyEiac^. EvEpyoTroioupE to ouoTqpa Kai acpqvoupc to ocbpa va ekteAeoei 
T qv opi^ovTia TTaAivSpopiKq tou Kivqoq. Aev TrapEpBaivoupE, 5qAa8q, TTapa 
povo apxiKa, yEyovoc; ttou x a P aKT nP^ £l Tr l v TaAavTcooq ax; «EAEU0£pq». 

Ecpooov oto povteAo ttou xpn 0l M 0TT010£, P £ S£X T n Ka P £ ^ti 5ev ouvteAeitoi 
EVEpyEiaKq uTToBaOpioq, q TroooTqTa EVEpyEia^ (E) p£ Tqv ottoio to 
TpocpoboTqoapE 0a SiaTqpEiTai oTa0£pq. Eivai, ottcoc; Aepe crrq 0£ppo8uva- 
piKq, Eva kAeioto ouoTqpa. To a0poiopa p' aAAa Aoyia Tq^ KivqTiKqc; 
£V£pyEia<; tou ocbpaToc; Kai Tqt; EAaoTiKq^ SuvapiKqc; EVEpyEia^ tou EAaTq- 
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piou Ttapapevei aTa0epo Kai fao pe Tqv 
evepyeia E. Av Aoittov oe KaTTOia onypq r) 
TaxuTr)Ta tou ocopaToc; eivai 0 Kai r) 
a-rropaKpuvoq tou x 9a ioxuei 
1 / 2 mu 2 + 1 / 2 kx 2 =E=OTa0£p6 
H EJpoaxjq auTq pa^ ettitpettei va 6ya- 
Aoups EUKoAa opiopEva aupiTEpaopaTa. 

а. Ka0co^ to KivrjTO aTropaKpuvETai 
otto Tq 0£oq laoppoTiiaq au^avEi q 6uva- 
piKq tou EVEpysia eic; 6apoc; Tqc; KivqTiKqc; 
Kai cpuoiKgi EAaTToovETai to pETpo Tqc; 
TaxuTqTa^. 

б. To ocopa kiveitoi avapEoa oe Suo 
OK paiE^ 0EOEK; otic; ottoie^ H KivqTixq 
EVEpysia pqSsv^ETai evco TauTpypova p£- 
yioTOTTOiEiTai q SuvapiKq EVEpysia. Xtic; 
5uo auT£<^ 0£O£i<; (x 1; x 2 ) ioxuei: 

V 2 kx! 2 = V 2 kx 2 2 = E=^>|x 1 | = |x 2 | = V2E/k 
Oi 6uo ouvettco^ aKpai£<; 0 eo£k; Eivai 
— coq TTpo^ Tq 0£oq looppoTTfa^ — auppE- 
TpiKECJ. H 0£TIKq TTOOOTqTa V 2E/k TTOU 
TTapioTavEi Tq pEyiOTq aTTOOTaaq otto Tq 
0£oq laoppoTiia^ AsysTai ttAPitoc; Tqc; to- 
AavTaraqc; Kai oupGoAf^ETai p£ «x,,». 

laXDEi E = '/ J kx l r, TTpdypa ttou aqpafvEi 
oti to ttAotoc; Tqc; TaAavTaxjqi; tou ouyKE- 
KpipEvou TaAavTtoTq E^apTdTUi airo Tqv 
EVEpyEia PE Tqv OTroia TOV TpotpoSorq- 
oap£. 
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y. Tjs ernypec; koto tic; otto i£q to otbpa 
TTEpvoiEi arro Tq 0£oq looppOTTiaq q KivqTi- 
Kq tou EVEpyEia yi'vETai pryiOTq ottcoc; 
yiVETai pEyicrrq Kai q UTToAuTq Tipq (u 0 ) 
Tqq TayuTqTa^ 

V 2 mu 0 2 = E 

^ XPOviKq E^sAi^q tou cpaivopsvou 
ncpiypacpETai p£ iq AEyopEvq «eEfoajoq 
Kivqoqq», T q ouvdpTqoq 5qAaSq x=x(t) q 
oTToia paq Sivei Tq 0£oq tou KivqTOU oe 
kq0e xpoviKq oTiypq. H ouvdpTqoq aurq 



^.F 



TTrmnr~nr|^j 



p-TTOpei va TTpoKuqjEi arro to ouvSuaopo Tqc; E^iaooaqc; V 2 mu 2 +V 2 kx 2 =E p£ 
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Tqv E^fcxooq opiopou Tq<; TaxuTqTac;. flpoKUTrTEi etoi q SiacpopiKq E^iotooq 




H Auoq jqc; Eivai q ouvapTqoq aiTopaKpuvoqcj-xpovou 
x=x 0 qp(\/k7rn t) (p£ x 0 =V2E/k) 

crrqv OTroia coc; apxq tow xpo va)V 0£oopq0qK£ q onypq ttou to KivqTO 
BpiOKOTav crrq 0£oq iooppoTna<; (x=0) KivoupEvo irpoc; to 0etiko qpia^ova 
(u>0). 

Eivai pia ouvapTqoq appoviKq irapopoia p£ qutec; ttou ouvavTqoapE koto 
Tq p£A£Tq tou EvaAAaooopEvou pEupaToc;. Autoc; Eivai Kai o Aoyoc; yia tov 
otto i o q TaAavTcoaq ttou pEAETapE xapaKTqpi^ETai cot; «appoviKq». 

To TTpcbTO TTpaypa ttou pac; «Aeei» q appoviKq auTq ouvapTqoq Eivai oti to 
K ivqTO ava 10 a xpo v|K Q SiaoTqpaTa «2ttV m/k» ^avaBpioKETai oTqv 161 a 
0£oq. Auto, oe ouvSuaopo p£ to yEyovoc; oti koto tic; avTiOTOix^S OTiypEc; to 
K ivqTO ETTavaKTa Kai Tqv TaxuTqra tou, pac; oSqyEi oto oupTTEpaopa oti q 
Kivqaq tou eivai rr£pio8iKq. Ka0Eva otto to foa xP ovlK( ^ SiaoTqpaTa 
ottoteAei Tqv TTEpioSo (T) Tqc; appoviKqc; Kivqoqc;. MTTopoupE Aoittov va 
ypaipoupE T~2Tr\/m/k Kai va SobaoupE OTq ouvavTqoq Tq popcpq x = x,,qp2'm/ 
T q Tqv x = x 0 qp2TTvt q Kai Tqv aKopa auvq0EOT£pq 

x-x M qpojt 

OTqv OTTOia to go TrapiOTavEi (ottcdc; koi oto EvaAAaooopEva pEupa) Tq 
AEyopevq KUKAiKq ouxvoTqTa to yivopEvo 6qAa5q Tqc; ouxvoTqTac; (v) eth tov 
apiOpo 2 t r. layusi cpuoiKa to = V k/m . H rroaoTqTa — teAoc; — «a>t» ottoteAei Tq 
cpaoq Tqc; aTTopaKpuvoqc;. 

H TaxuTqTa. H ouvavTqoq ttou pac; TTEpiypacpEi Tq xpoviKq E^EAi^q Tqc; 
TayuTqTaq pTTopEi va ttpoku^jei cue; E^qc; 

1 . I , 2 1 . « 

- mu‘+ - k\~- “ kx, r 

x=x r >qpuM 

Evvoeitoi oti OTq ouvapTqoq ttou ttpokutttei, to oupBoAo «u» TrapiOTavEi 
Tqv aAyEBpiKq Tipq Tqc; TayuTqTac, 5qAa5q pia TroooTqTa 0£TiKq q apvqTiKq 
avaAoya p£ Tq cpopd tou SiavuapaTOc; 

Tqc; TayuTqTac; oe oysoq Trpoc; tov 
a£ova. 

IqpEKOoq. Av 0EAqooupE va 0£oopq- 
ooupE toe; apxq toov xpd vwv OX' Tr l 
OTiypq ttou avacpEpapE (x=0 u>0) aAAa 
KaiTOia aAAq Tuyoua xpoviKq OTiypq 0a 
TTpETTEI va 5d)OOUp£ OTqv E^IOGDOq Kivq- 




ir - — Xfpouv cot 

m 



Kai ETTElSq 



m 



-CO 2 



=> U = OOXyOUVCOt . 



MqxaviKEc; TaAavTOJOti^ 363 



oq<; rr\ popcpq x=x 0 qp(cot+cp) OTqv OTroia to «cp» rrapicrravEi Tqv apxiKq 
cpaaq, Tqv Tipq SqAaSq Tqc; cpaoqc; koto Tqv apxq tcov xpovcov. I' auTq Tqv 
TTEpiTTTCooq q ouvapTqaq TaxuTqTa<;-xp6vou 0a ex £l Tr l popcpq 
u=cox 0 ouv(cot+cp). 

iTq yAcbooa Tq^ VEimoviKqt; SuvapiKq^. Ecpappo^oupe Tcbpa Tq yvcoaTq 
veuTcoviKq TTpaKTiKq OTqv OTroia TrpcoTaycovioTEi q Evvoia Tq<; Suvapqc;. 
IqpeicbvoupE tic; Suvapeic; 

TTO U QOKO U VTa I OTO GO) p a 
Kai auvSua^oupe (a) touc; 

VOpOUCJ OTOUC; OTTOIOU^ TTEI- 
Gapxouv |JE (6) TO SEUTEpo 
vopo Tqc; Kfvqoqc; Kai (y) 
touc; opiapouc; tcov p£y£0cdv 
TaxoTqTa Kai ETciTaxuvoq. 

H Suvapq ttou aoKEiTai 
oto acopa otto to — oAAote 
TEVTCOpEVO KOI aAAoTE G U- 
OTTEipcopEvo — EAaTqpio ei- 
vai Kai q auvioTapEvq tcov 
aoKoupEvcov Suvapecov. Av uttoGeooupe oti Ta F,a,u,x TrapiGTavouv avTi- 
otoixg tic; aAyEBpiKEc; Tipec; Tqc; aaKoupEvqc; airrqq Suvapqc;, Tqq ettitoxuv- 
oqc; tou ocbpaTOc;, Tqc; Tax^TqTac; tou acbpaTOc; Kai Tqc; aTTopaKpuvoqc; tou, 
0a ioxuei. 

lupcpcova p£ to vopo Tqc; EAaariKOTqTac; (Hooke) F=-kx. 

lupcpcova p£ to SEUTEpo veutcoviko vopo Tqc; Kivqoqc; F=ma. 

lupcpcova p£ touc; opiapouc; Tqc; TaxuTqTac; Kai rqc; ETriTayuvoq^ u = dx/dt 
Kai a = du/dt. npoKUTTTEi q E^iacooq m(du/dt) + kx=0 q ottoio, ge auv6uaop6 
pe Tqv E^iocooq opiopou Tqc; TaxuTqTac;, pa<; oSqyEi ge pia SiacpopiKq 
E^iGcooq. H Auaq Tqc; Eivai q appoviKq ouvapTqaq aTTopaKpuvaqcj-xpovou 
x=x 0 qpcot q (5ia 5qAa8q ouvapTqaq OTqv ottoio Eixapt KaTaAq^Ei ECpappo^o- 
vtoc; iqv EVEpyEiaKq TTpaKTiKq. 

H TaxuTqTa. H ouvapTqaq ttou pa<; Sivei Tq xpoviKq E^EAi^q Tqc; TaxuTqTac; 
piropEi va TTpoKuipEi otto Tqv E^iocooq opiopou Tqc; TaxuTqTa*; peoa otto Tq 
pa0qpaTiKq Trpa^q Tqc; Trapaycbyioqc; 

x = x {) qpcot 1 

> => u = cox 0 auvcot 
dx 

u= — } 
dt 

H ETTiTdxuvaq. iTq veuTcoviKq yAcoooa xpn ai H°™ l£1Tai M ia £ vv oia q ottoio 
koto Tqv EVEpyeiaKq TTEpiypacpq tou cpaivopevou 5 ev xpqoipoTioiq0qK£. Eivai 
q Evvoia «£TTiTdxuvoq». H e^iacooq ttou pac; Si'vei Tq xpoviKq T qS £$£Ai$q 
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pTTopd va TTpOKuip£i cxtto to ouvSuaopo tou btvrtpuu vopou Tpc; Kivqoqq pe 
to vopo Tq<; EAaoTiKOTqTac; 



F-ma 



F=-kx 






k 

a= — — x 
m 






m 



-co 2 



a=— co x 



x=x 0 qpcDt 



=> a = - arx 0 q p cot . 



H buvapq* Me 6aoq to TTpoqyoupEva eukoAo oupTTEpaivrrai oti r| aAyEGpiKq 
Tipq Tqc; aoKOupEvqc; oto ocbpa (ouvicrrapEvqc;) Suvapqc; Kai q aAyEB^iKq 
Tipq Tqc; aTTopaKpuvoqc; ttou Trapouoia^Ei to ocbpa EKEi'vq Tq OTi^pq 
ox^Ti^ovTai p£ Tqv E^iacoaq 

F= — mco 2 x 



H E^iocooq EKcppa^Ei oti q 8uvapq F £X£i Tipq avaAoyq TTpoc; Tqv aTTopaKpuv- 
aq Kai cpopa avTiOrrq ano auTqv. * 

To ttAoto^ koi q TTEpi'oSoc; ottoteAouv Ta Baanca otoixeio jauTOTqTac; piac; 
appovucqc; TaAavTcooqc;. XpEia^ETai, iocdc;, ouvotpi^ovTac; va rmoqpavoupE 
oti crrqv £A£U0£pq appoviKq TaAavTcooq Tqv OTroia p£A£Tape. 

а) to ttAotoc; Ka0opi^£Tai otto Tqv TroooTqTa £V£py£ia<; p£ Tqv ottoio 
T pocpo5oTqoap£ to ouoTqpa. 

б) q TTEpioSoc; Tqc; Kivqoqc; exei Tipq avE^apTqTq otto to ttAcxtoc; Kai Tqv 
£V£py£ia. H Tipq Tqc; E^apTorrai povo otto Tq oTa0£pa tou EAaTqplou Kai Tq 
pa£a tou ocbpaTOc;. Av 8 qAa 8 q Tpocpo 8 oTqooup£ p£ p£yaAuT£pq TroooTqTa 
EVEpyEia^ to ouoTqpa koi to acpqooupE va ekteAeoei eA£u0£pq TaAavTcooq 0a 
8iaTTioTco0£i pEyaAuTepo ttAo(toc; TaAdvToooqc; aAAa q TT£pio 8 oc; 0a TTapapEi- 
v£i ap£Ta 6 AqTq Kai icq pe 2TrYm/k. H OTa0£pq auTq TTEpioSoc; anoTEAEi p' 
aAAa Aoyia Eva xotpaKTqpioTiKo otoixeio tou ouyKEKpipEvou TaAavTcoTq yi' 
auTo AeyeTai Kai iSioirEpioSo^ tou TaAavTumj. To 1810 cpuoiKa ioxuei Kai yia 
Tq ouxvoTqTa Tqc; £Aeu0£pqc; TaAavTcooqc; q ottoio AsyETai iSioouxvoTqTa 
too TaAavTcoTq. 



AppOVI K£C^ TaAaVTCOOEl^ 

Zto TTpoqyoupEva avacp£p0qKap£ oto £i8iko povteAo evoc; ocbpaToc; 
(uAikou oqp£iou) TrpooappoopEvou oe iSoviko EAaTqpio to ottoio ekteAe! pia 
EuOuypappq TraAiv8popiKq Kivqoq ttovco oe opi^ovTia ETncpavEia x^P'S 
Tpibtc;. Ac; ETTiXEipqooupE va yeviKEUooupE. Tooo OTq cpuoq ooo koi otic; 
av0pcbTTiv£c; kotookeuec; ouxva auvavTapE ouoTqpaTa q oupTTEpicpopa tcov 
ottoicov TrpooEyyf^Ei to povteAo ttou peAETqoapE. Ie Ka0sva otto aura Ta 
ouoTqpaTa 8iaKpfvoup£ Eva ocbpa yia to ottoio UTrapxEi kottoio 0£oq 
Euora0ou<; looppoTTlac; Kai o£ TTEpnTTCOoq ttou aiTopaKpuvETai airo auTqv 
£TT£p8aiv£i to TTEpiBaAAov Kai tou aoK£i pia ouvicrrapEvq Suvapq ETravacpo- 
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pac;. To ocbpa ekteAei etoi pia TaAavTcoaq. Av q 8uvapq ETTavacpopac; 
aKoAou0£i £va vopo Tiapopoio p£ to vopo Tqc; Suvapqc; too EAaTqpiou q 
TaAavTcoaq 0a dvai appovixq, Trpaypa ttou aqpaiVEi oti q auvapTqaq 
aTTopaKpuvaqc; xpovov 0a Eivai qprrovo£i8q<;. 

Mia £u0uypappq TaAavTcoaq uAikou oqpEiou 0a AsyETai Aoittov appoviKq 
£<po oov q auvapTqaq aTTopaKpuvaq<; xpovou exei Tq popcpq 

x=x 0 qp(cot+cp) 

Oi TipouTTO0£a£K;. Ac; 8oup£ opax; p£ KaiToia auaTqpoTqTa tk; aTraiToupEVEc; 
TTpouTTO0£O£i^ yia va TrpaypaTOTToiq0£i pia tetoio Kivqoq. OTq y£ViKq 
TT£plTTTCJOaq . 

1. XpqaipoTioicbvTac; Tq yAcoaoa Tqc; vEUTtoviKqc; 8uvapiKq<; pTTopoupE va 
Troup£ oti yia va TrpaypaTOTToiq0£i pia tetoiou ei8ou<; Kivqoq uprirei kqi 
apK£i q aaKoupEvq (ouvioTapEvq) Suvapq (i) va £\£i Tipq avaAoyq TTpoc; 
Tqv aTTopaKpuvaq Kai (ii) va dvai Suvapq £Trava<popd<;, va £xci SqAaSq 
q>opd SiapKax; avn'0£Tq TTpoc; Tq <popd Tq<; aiTopdKpuvaqc;. H avayKaia 
Kai iKavq auTq auvOqKq EKCpa^ETai p£ Tqv E^ioooaq F=-Dx OTqv ottoio q 
AeyopEvq OTa0£pa ETTavacpopac; «D» 0a dvai faq p£ to yivopEvo moo 2 Tqc; 
pa^ac; 8qAa8q tou TaAavTtOTq ett( to TETpaycovo Tqc; kukAik^ auxyoTq- 
Tac;. iTqv EiSiKq TTEprnrooaq ttou pEAETqaapE BAettoupe oti q OTa0£pa 
ETravacpopd<; aupTniTTEi p£ Tq crra0£pa tou EAaTqpiou. iTq yEviKq 
TTEpfiTTcoaq q Tipq Tqc; E^apTaTai otto opiapEva OToixda TauTOTqTac; tou 
acbpaTOc; Kai tou TTEpiBaAAovToc; Kai otto to ei8oc; Tqc; pETa^u touc; 
aAAqA£Tri6paaq^. Av Aoyou xdpiv o TaAavTcoTqc; Eivai to ocpaipi8io evoc; 
ottAou EKKpEpouq q OTa0£pa ETTavacpopac; E^apTorrai ottcoc; 0a 8oup£ otto 
to Bapoc; tou acpaipiSiou Kai to pqxoc; tou EKKpcpouc;. 

2 . MiTOpoupc opcoc; va avTip£Tarmooup£ to 1810 ^qTqpa Kai airo Tq OKOjrid 

Tqc; £V£py£ia^. 

Xto auyKEKpipEvo povteAo ttou pcAETqaapE ax; SuvapiKq EvtpyEia tou 
auaTqpaToc; 0£oopqaap£ Tqv EAaaTiKq SuvapiKq EvspyEia tou EAaTqpiou. 
Ac; 5oupE ti aupBaivEi aTq yEviKq TTEpiTTTCoaq . 'Orav o TaAavTcoTqc; 
BpiaKETai aTq 0saq laoppoTriac; aKivqToc;, q laoppoTTia tou Eivai, BdJaia, 
£UOTa0qc; Kai — ottcoc; k60e ocbpa ttou BpiaKETai oe tetoiou e(8ouc; 
laoppoTTia — TTapouaia^Ei Tqv fAdxiOTq Tipq SuvapiKqc; EVEpytiac;. H 
i5iaiT£poTqTa, Tcbpa, tou appoviKOu TaAavTcoTq EyKEiTai oto oti av 
0£Aqaoup£ va TTapEpBoupE coote va tov pETaKivqaoupE otto Tq 0£aq 
laoppoTTiac;, to uttoAoitto TTEpiBaAAov 0a £TTi6paa£i Travco tou aoxcovTac; 
6xi pia OTTOiaSqTTOTE Suvapq ETravacpopa^, aAAa pia 8uvapq £TTavaq>o- 
pat; avaAoyq Trpoc; Tqv auopaKpuvaq. F=-Dx. Tia va ttetuxoupe 
ouvettox; auTq Tq pETaKivqaq 0a xptiaaTEi va aaKOup£ 5uvapq F =Dx va 
p£Ta8i6a^oup£ 8qAa8rj £V£py£ia (oq p£ to £pyo auTq^ Tq<; 8uvapq<;. To 
Epyo auTO Eivai ioo p£ Dx 2 /2. Me to ttou BpiaKETai ouvettcoc; to ocopa oe 
pia Tuxotiot 0£aq (x) 0a £X£i — avE^apTqTa otto Tqv Kivqoq tou — EVEpyEia 
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TrepioooTEpq Kara Dx 2 /2 otto oor| ei'xe OTq 0£oq Tqq icoppoTTiac; tou. H 
Evepyeia auTq Se axETi^ETai p£ Tqv Kivqoq tou aAAa ps tic; aAAqArmSpa- 
oei^ tou appoviKou auTOu raAavTooTq p£ to TT£pi8aAAov tou. Eivai p' aAAa 
Aoyia cvEpyeia SuvapiKq. Ka0£ Aoittov appoviKoq raAavTcoTqc; Ecpooov 
aTT£)(£l KOTO lx 1 OTTO Tf] 0£Oq IGOppOTTia^ TOU, 0a £)(£! SuvapiKq £V£py£ia 
U=Dx 2 /2 oe a\£oq EWOEirai p£ Tq 0£oq laoppoTTiac; tou. 

la)(U£i opcoc; Kai to avTioTpocpo. Ecpooov q Suvapixq EVEpyEia evoc; 
TaAavTCOTq Eivai avaAoyq Trpoc; to TETpaycovo Tqt; aTropaKpuvoqc; tou, q 
Kivqoq tou 0a Eivai aTrAq appoviKq TaAavTcooq. 



Avayxaia xai ixavq ouv0qKq aiTAqc; appovixqc^ TaAavToaaqs 

iTq yAcbaoa Tqc; vEUTtovixq Suvapixqc; F=-Dx 

iTq yAd)oaa Tq<; EVEpysiat; U=yDx 2 




ApEiooTEc; xai EAeu0£p£c; toAovtcdoeic; 

EinapE oti pia TaAavTcooq 0 a xapaKTqpi^Erai appoviKq Ecpooov q xpovixq 
ouvapTqaq ttou TTpoaSiopi^Ei Tq 0 £oq tou KivqTou Eivai qpiT 0 V 0 £i 6 q<;. O 
TrpoaSiopiopoc; anAq uTroSqAcovei Eu 0 uypappq Kivqoq uAikou oqpEiou. 
VTTapxouv, 5 qAaSq, xai toAovtcooeic; Trou Eivai appoviKEc; aAAa 5 ev Eivai 
ottAec;. H Kivqoq Tqv OTroia kovei pia payvqTixq BeAovo Ka 0 cbc; TTpooavaToAi- 
^etoi p£oa oe opoyevE^ payvqTiKO tte 6 io Eivai — yia pixpa «ycoviaKa 
TrAaTq» — pia appoviKq raAavTcuaq, yiaTi aTToSEiKVUErai oti q xP ov|Kr l 
ouvapTqaq Tqc; ycoviaKqc; aTropaKpuvaqc; Eivai qpiravoEiSqc;. H Kivqoq, 
opcoc;, auTq Eivai pia TTEpioTpocpiKq Kivqoq evoc; oobpaToc; p£ ox' apsAqTEEc; 
SiaaraoEic; xai AsyErai oTpocpixq appoviKq TaAavTcooq. 

Mia TaAavTcooq 0a xapaKTHP 1 ^ 1 " 01 apei'am] Ecpooov q EVEpyEia tou 
T aAavTarrq koto Tq 5iapK£ia Tqc; Kivqaqc; SiaTqpEirai apETaBAqTq. 

Mia TaAavTcooq, teAoc;, xapaKTHP 1 ^™ 1 £Aeu0epq Ecpooov to apyixa 
axivqTo ouoTqpa, TpocpoSoToupEvo xar' apxqv EVEpyEiaxa, acpqvErai OTq 



Mnxav»K£S TaAavT(oo£i^ '^fi7 




ovvi\£\OL va TraAiv 8 po|j£i X^P^S otAAr| TrapEpBaaq. Teyovoq Eivai oti TaAavTco- 
te<^ ttou va ekteAouv eAeuBepec; Kai apEiooTEc; TaAavrd) 0 £ic; Sev ucpiOTavTai. l£ 
OTroia5r|TroT£ £A£u0£pq TaAavTCoaq q EVEpyEia too TaAavTcoTq avaiTocpEUKTa 
0a UTTo6a0pi^£Tai, q pqxaviKq EVEpyEia 0a peicdvetoi ouvexox; Kai q 
TaAavTcooq 0a AeyETai cpGivouoa. 

'Eva aKopa napaSEiypa appoviKou 
TaAavTcoTq. To auAo £KKp£p£c;. 

«EKKp£pe<;» Eivai pia Ae^q Tq<; Ka0apeuouaa<;, Tqv ottoio ooyyo xpqcnpo- 
TTOioupE OTqv Ka0qp£pivq ^coq. OTav 8 ev xpqaipoTroidTai peTacpopiKa, pa<; 
TTapaTr£pTT£i o£ kcxttoic acopa noo KpspETai. Me to ( 8 io aKpiBco^ aqpaivope- 
vo xpq^poTroiouv auTOv tov opo Kai oi cDooikoi. iTq 8 iKq tou^ « 8 iaAeKTo» o 
opo<; auToq uTroSqAcovEi oti OTav to KpEpaapEvo acopa Eivai aKivqTO 
BpioKETai oe EUOTaOq laoppoTria. ITq auvrj0q TTEpnTTcooq Kara Tqv ottoio to 
acopa £Trqp£a^£Tai povo* otto to tteSio BapuTqTac;, o 1810 c; opoq uTTo 8 qAcbv£i 
Kai oti to KpEpaapEvo acopa pTTopef va OTpecpETai iTEpf OTa0£po opi^ovTio 
a^ova £xovTa<; to KEVTpo Bapou^ too xapqAoTEpa otto outov. le TTEpmrco- 
oq, teAo<;, ttou oAoKAqpq q pa^a too EKKpEpouc; BpfoKETai aoyKEVTpcopevq 
aro KEVTpo 6 apoo <5 too, to EKKpspsc; Aeyetoi ottAo. Eivai cpavEpo oti to auAo 
EKKpepEc; Eivai ki ooto sva povteAo to ottoio psaa otto pia opiapEvq 
KaTaaKEuq pTTopoupE va TrpoaeyyiaoopE. "Eva acpaipiSio piKpq<;** aKTivac; 



* EvvoEiTai oti oto ouoiqpa aaKEiTai Kai q 6uvapq otto to UTqpiypa, X^P'S T H V ottoio &e 0a prropouoE to 
acopa va KpepeTai. Aev aaKEiTai, opcoc;, Suvapq otto kottoio qAeKTpiKo (q pa^yvqTiKo) tte5io, peoa oto ottoio 
0a pTTopouoE va yivei q aicbpqaq. 

** Eivai yvtooTO oti otic; (Duoikec ETTiOTqpt*; oi Siacpopoi TroooTiKoi x a P aKT nP lo M 0 ^ ottoh; «piKpoc;», 
«peyaAo9>, «apeAqTE09> Kai «ox> apeAqT£ 09 > exouv voqpa povo oe axeaq pe kottoio TioaoTqTa TTpo<; Tqv 
OTToia ytvETai ouyKpioq iTqv TTEpmraxjq pac; q aKTiva tou otpaipiEiou 0ea>p£iTai pwpq oe ox£oq pe to pqKO^ 
tou vqpaTOt;, evcb q pa£a too vqpaTos BEcopeiTai apeAqTca ouyKpivopevq Ttpoc; Tq pa2,a too ocpaipiEiou 
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KpepaopEVO otto Tqv aKpq evo<^ vqpaTOc; apEAqTEac; pa^ac; koi pqKOU<; 
;xpETa6AqTou aTTOTEAEi pia iKavoiroiqTiKq TrpoaEyyiaq tou ottAou £KKpE- 

pouc;. To aAAo aKpo tou vqpa- 
toc; SiaTqpEiTai aKivqTO. To 
oAo ouoTqpa pTropEi va aico- 

pEITOI 0 £ KOTQKOplKpO ETTITTeSo. 

AiaTqpcbvTac; tevtcopevo to 
vqpa aTTopaKpuvoup£ to 
acpaipiSio otto Tq 0 £oq loop- 
poiTiac;, TTpaypa ttou oqpai- 

V£l OTI TpOCpo8oTOUp£ EVEp- 

y£iaKa to ouoTqpa. Acpqvou- 
p£ to acpaipiSio eAeuGepo, 
ottot£ ettokoAouGei q aicopqoq. H pEyiOTq ycovia ttou axqporri^Ei to vqpa p£ 
Tqv KorraKOpucpo ottoteAei to AEyopEvo ttAgtoc; Tqc; aicopqaq<;. 

Ito TiapaKQTco ettiSicokoupe va pEAETqaoupE Tq oupTTEpicpopa tou ottAou 
EKK pEpou^ yia piKpa — p£\pi TpEic; poipE^ — nAaTq aicopqaqc;. To ^qTqpa 0 a 

aVTip£TO)TTIOT£l KOI OTTO Tl^ 8uO yVOOOTEC; pac; OKOTTIE^. H pia £[vai q OKOTTia 
tcov TTEipapaTiKcbv 8ia5iKaaicbv Kai q aAAq q okottioc Tqc; 0£copqTiKq<; 
£TT£^£pyaaiac; tou. 

rkipapanKq pEArrq. Ecpo8iaap£voi p£ Eva xpovoyerpo piropoupE eukoAo 
va 8iaTTicrrd)OOup£ oti q tdvqaq tou EKKpEpouc; Trapouaia^Ei TT£pio8iKOTqTa. 
To £KKp£p£c; ekteAei oe OTaGspo xpovo pfa TTAqpq aicopqaq. O xpovo<; auToc; 
Eivai q TTEpfoSoc;. Kai Eivai x a P aKT nP ,aTIK ® O' 1 " 1 Trapa Tqv avaTrocpEUKTq 
£V£py£iaKq uiTo 6 a 0 pioq, Tqv onoia «TTpo6i8£i» Kai q apyq EAarrtooq tou 
ttA6(tous aicopqaqc, q TTEpio8oc; tou EKKpEpou^ TTapapEVEi OTa 0 Epq. Eivai q 
8iaTTiOTCOoq Tqv OTTOia oupcpcova p£ Tqv TTapaSooq EKavE yia TrpcoTq cpopa o 
FaAiAaioc; TrapaTqpcovTac; tic; aicopqaEic; evoc; TroAuEAaiou EKKAqaiac; Kai 
p£TpcovTac; Tqv Tr£pio8o touc; p£ touc; ocpuypouc;. 

MiTopoupE Ttopa va TrpoxcopqooupE oto EpcbTqpa «Atto ti E^apraTai q 
TT£pio8o<^ EVOC; £KKp£pOU^;» 

flEpioSoc; Kai pa^a tou EKKpepou^. AiaTqpawTac; to 1810 pqKoc; vqpaToc; 
Kai xpqaipoTToicbvTa<; piKpa acpaipiSia SiacpopETiKcov Bapcbv 8iaTTiOTcbvoup£ 
oti q TT£p[o8oq evoc; auAou EKKpEpouc; Eivai avE^apTqTq otto Tq pa^a tou. 

ntpioSoS Kai MH KO S TOU EKKpEpOU^. M£Tpap£ p£ pETpOTaiVia TO pqKOCJ TOU 
vqpaTOC; (pqKO<; TOU EKKpEpOUCj) Kai p£ XPOVOpETpO Tqv aVTICJTOIXq TTEpioSo. 
ZTq auv£X£ia aAAa^oupE to pqKoc; tou EKKpEpouc; Kai £TravaAap8avoup£ tic; 
pETpqoEic; KaTaypacpovTac; Ta aTroTEAEapara oe mvaKa. EuKoAa oupiTEpai- 
voupE oti q au^qoq tou pqKOus ouvETrayETai au^qoq Tqc; TTEpioSou tou 
EKK pEpouc;. H pETa^u Tou<;, opax^ ox^oq 8 ev Eivai oxtaq avaAoyiac;. Ie pia 
GXETiKq TTEipapaTiKq Trpo<rrra0£ia TTqpapE Ta aiTOTEAEapaTa ttou TTEpiEXO- 
vtoi otov TrapaKaTco TrivaKa. 
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pqKos (/) 0£ cm 


70 


80 


90 


100 


TT£pio5oc; (T) G£ s 


1,41 


1,79 


1,91 


2,00 


TETpayOVO TTEpioSoU (T 2 ) OE s 2 


1,99 


3,20 


3,65 


4,00 



'Otoiv Kava|j£ vr\ ypacpiKq TTapacrraaq T=f(/) cpavqKE Ka0apa on to Trooa 
8ev dvai avaAoya. XTq ypacpiKq, opax;, TTapacrraaq T 2 =f (/) to ypacpqpa 
qTav £u0Eia ypappq. Auto aqpaivE oti to Trrpaycovo Tq$ TT£pio6ou qTav 
avaAoyo Trpoc; to pqi<o<; tou EKKpEpouc; q p' aAAa Aoytof-er^-q TT£pio8os tou 
£KKp£pou^ qTav avaAoyq TTpo<; Tqv TETpayooviKq pi^a tou pqKou^ tou. 
ri£pi'o8or ICC - °apUTIKn ETTITaXUVOq. l£ TTEipapaTa koto to ottoiq 




Q « « 

SuAo criSqpoc; x a ^ K o? 
foec; TTEpfofioi 



I I 

riapa to SiacpopETiKO 6a- 
poc; tcov ocpaipibtcov ra ek- 
Kpcpq dvai looxpova. 




Ta TETpaycova tcov TTtpiobcov ei'vui 
avaAoya Tipot; tu pq<q tcov vq- 
pon cov. 




CDaivopt viKrj eviaxuaq tou 
6apUTiKou tte6(ou pe rjAe- 
KTpopayvr)Tq 
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SqpioupyouvTai cpaivop£viK£<; £viaxua£ic; q £$aa0£vfo£i<; tou tttSiou 6apinr)- 
Tac;, SiaTncrrcbvETai oti q TT£pioSo<; tou ottAou £KKp£pouc; dvai avTiGTpocptm; 
avaAoyq Trpo^ Tqv T£TpaycoviKq p(£a Tqc; BapuTiKqc; ETTiTaxuvoqc;. 

H Octopia. Av to ttAotoc; aioopqoEcoc; dvai piKpoTepo otto Tp£i<; poip£<; 
pTTopou|j£ va 5£XT0up£ oti to 5iaYpaq>6|j£vo otto to uAiko oqpdo (acpaipf- 
5lO) TO^O aUpTTITTT£l p£ TqV OVTIOTOIXq X 0 P^H/ n Kivqoq TOUC^ OUV£TTCQ<^, £ivai 
£U0uypappq. MiropoupE, Eirioqc;, va aTToS£i$oup£ oti q £u0uypappq auiq 
Kivqoq dvai Kai appoviKq TaAavToooq. 

0£oopoup£ ti<; aaKOupEV£(; qto acpaipiSio 5uvap£ic; o£ pia Tuxaia OTiypq 
Tqc; Kivqaqc;, koto Tqv OTioia q ycovia 
vqpaToc; Kai KaTaKopucpou dvai cp. 

Autec; dvai to 6apoc; mg Kai q Suvapq 
N TTOU aOK£l TO TEVTOOpEVO vqpa. 0£CO- 
poup£ £vav a^ova «x» kcxOeto oto 
vqpa (o ottoio^ £ivai oxdiov opi^o- 
vtioc;) Kai tov TrpoaavaToAi^oup£ p£ 

0£tiko Trpoaqpo KaTa Tq cpopa Tqc; 
aTropaKpuvaqq x. AvaAuoupE to 6a- 
po^ a£ SuO KOf0£TE^ OUVIOTCOOEC; OTTO 
tic; ottoiec; q pia (F x ) va £X£i Tq 8 ieu- 
0uvoq tou a^ova x. 0a igxuei 
Fx=-mgqpq). 

ETT£i8q q ycovia cp Eivai piKpq igxuei 
qpcp — Ecpcp = x/l. 0a Eivai ouv£ttco<; 

F x = — (mg//)x. 

To apvqTiKO TTpooqpo pac; E/moq 
paivei oti q F x Eivai Suvapq Eiravacpo 
pa<^. Av Tipoae^oupE, opooc;, Kai Tq\ 
avaAoyia tcov aAy£6piKcov Tipciov F> 

Kai x 0a oupTT£pavoup£ oti ikovottoi- 
£iTai q ouv0rjKq aTTAqc; appoviKqc; Ta- 
AavTtoaqc;. Ecpooov oupBafvei outo 0a 
igxuei oupcpcova p£ Tq 0£copfa 
F x =— mco 2 x. H TroaoTqTa mg//, q OTroia 
aTTo5£iXTqK£ oti aTTOTsAd Tq oTa0£pa 
ETravacpopac; OTqv TT£pnTTcoaq tou ek- 
Kp£pouc; 0a TTp£TT£i va Eivai ioq p£ Tqv 
TroooTqTa mco 2 , q ottoio aTTOTEAEi Tq 
OTa0£pa ETTavacpopac; k60e aTTAqc; 
appoviKqc TaAavTcooqc;. 



Ka0co<; to acpaipiSio aTTopaKpuvf/rat an 6 Tq Btoq 
looppoTriac; q TaxuTT|TC( tou pticbveTai Kai au^avti q 
Suvapq ETTavacpopat;. 
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mg 

=mco 

/ 



KOI ETTElbq 





H E^iacoaq crrqv oxroia KaTaAqyoup£ £TTi6£6aid)V£i Ta aupiTEpaapaTa tcov 
TTEipapaTiKcbv TrpooTra0£icbv. H fbia out q E^iacoaq piropd va xpn o, H OTTOIr l‘ 
0ei yia va pa^ obqyqaEi ptoa axro biabiKaofec; pETpqoEcov a£ Evav iKavoxroiq- 
tiko UTToAoyiapo Tqc; BapuTiKqc; ETTiTaxuvoqc;. To ibio, teAoc;, to arrAo 
£KKp£p£(; pTTOpEI VQ aTTOTEAEOEl £VQ pETpqTq ^ pOVOU . 



E£avayKaap£vq TaAavTaxjq. luvTOviapoc; 

'Evac; aTTOTEAEGpaTiKOc; TpoTroc; yia va biaTqpdTai apdarrq r| xaAdvTtoaq 
£vos aocrrqpaTOc; dvai va to TpocpoboToupE TTEpiobiKd p£ £vepy£ia etgi coote 
va avaTTAqpcbvoupE tic; oticoAeiec;. 

'Otov £va Traibi BpiaKETai o£ pia Kouvia Kai 0£Aoup£ p£ co0qo£ic; va 
biaTqpoupE 0£ OTa0£po uipoc; tic; aito- 
pqoEic;, xp£id^£Tai 01 to0qa£ic; va yivo- 
vtoi xaTaAAqAa. Av, yia TrapabEiypa, 
q buvapq ttou aaxoupE 5 ev exei Tq 
cpopa Tqc; pETaTOTnoqc;, to ottoteAe- 
apa 0a £fvai apvqTiKO. ATTobEiKvuETai 
OTI TO KaAuTEpO aTTOTEAEOpa TTpOKU- 
ttt£i OTav oi £TT£p6aaeic; pac; exouv pia 
xaxdAAqAq TTEpiobiKOTqTa. l£ TTEpi- 
TTTCooq , paAiOTa, ttou oi TrapEpBaoEic; 
pac; yivovxai p£ ouxvoTqTa laq Trpoc; 

Tqv ibioauxvoTqTa tou aioopoupEvou 
auoTqpaToc;, to TrAcrroc; Tqc; aiobpq- 
aqc; 0a Eivai pEyioTO. 

Oi TaAavTcbo£is ttou xrpaypaTOTTOiouvTai p£ TTEpiobiKq ETTibpaaq E^tOTEpi- 
Kcbv buvap£a)v x^pofKTqpi^ovTai E^avayxaapEVEc;. To auoTqpa ttou ETnbpa 
TTEpiobiKa TrpoacpEpovTac; EVEpyEia AdyTTai biEyEpxqc;. X' auTou tou dbouc; 
tic; Kivqo£i<; to uttokeipevo a£ E^avayxaopEvq TaAavTcooq auoTqpa (TaAa- 
VTayrqt;) TraAAETai p£ pia ouxvoTqTa, q ottoic (aTq y^viKq TTEpiTTTCooq) 5ev 
Eivai q ibioouxvoTqTa tou, aAAa q ouxvoTqTa tou bieyEpTq. O biEyEpTqc; p' 
dAAa Aoyia, £Tn6dAA£i Tq bixq tou ouxvoTqTa otov TaAavTorrq. Togo q 
TTEipapaTiKq Epsuva oao i<ai q 0£copqTiKq pac; bEi'xvouv oti to TrAcrroc; Tqc; 




Aova(jq 

(JE Betiko Epyo 



Auvapq 

pe apvr)TiKo Epyo 
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TaAavToxjqt; yivETai pEyiOTo Ecpoaov r| ouxvoxqTa tou SiEyEpTq oupTniTTEi* 
|je Trjv i6ioouxvoTr|Ta tou TaAavTcoTq. 



= v 0 

I' auTqv Tr|v Tr£piTTTcoor| Ae:p£ oti ExoupE cpaivopevo auvTOviapou. 

Av Kai o 5i£y£pTr]<; Eivai Eva TraAAopEVo ouoTqpa pxropoupE va TTOupE oti q 
iKavoTqTa pETaBfBaaqq EVEpyEia^ ono to Eva ouoTqpa oto aAAo E^apTorrai 




(i) axro Tq axeoq ttou uTTapxti avapEoa crrq ouxvoTqTa tou SiEyEpTq Kai Tqv 
iSioauxvoTqTa tou TaAavTooTq koi (ii) otto to eiSo<; Tq<; au^Eu^qc; ttou 
ucpfoTorrai avapsoa oto 8 uo auoTqpaTa. 

Av, Aoyou x^P lv ^ ° 5i£y£pTq<^ Eivai xraAAopEvq aspia OTqAq Kai o 
TaAavTarrq<; Eva TTOTqpi yuaAivo, pTTopoupE va E^avayKaooupE Ta Toixtopa- 
Ta tou TTOTqpiou 0 £ Togo p£ydAou ttAcxtouc; xaAdvTooaq coote va cp0aooup£ 
oe oqpEio va to OTraaoupE. Auto TTpaypaTOTToiErrai ecpoaov q ouxvoTqTa 
Tqc; TTaAAopEvqc; a£pia<; OTqAqq ttou 0a SqpioupyqooupE p£ Eva pEyacpoovo 
Eivai 181 a q TrEphrou 181 a ps Tqv iSioauxvoxqTa tou TTOTqpiou aAAa Kai 
Ecpoaov Ta 8 uo auoTqpaTa BpiaKovTai oe KaraAAqAq ou^Eu^q. 



Zuv0£aq Kai avaAuaq toov TaAavTcboEoov 

1. Ac; 0soopqaoup£ Eva uAiko oqpEio ttou ekteAei TauToxpova 8 uo (ottAec;) 
appoviKEc; TaAovToboEic; Travoo OTqv i 8 ia Eu0£ia Kivqaqc;. Me Baaq Tqv 
apXH Tr IS avE^apTqoia^ toov KivqoEoov aTTo8£iKVU£Tai oti av oi ouxvoTqTEc; 
toov 8 uo TaAavToboEoov Eivai ioe^, q auv0£Tq Kivqaq tou uAikou aqpEiou 0a 
Eivai (aTrAq) appoviKq TaAavTooaq Tqc; iSiac; auxvoTqTac;. Av opooc; oi 



* Auto 6ev eivai aKpiGes XupGaivei povo fcpoaov r] Kivrjoq tou ouvTOvicrrq 6ev Trapouoia^Ei arrooGeaq. 
Mitopoupt, opa>c;, yia Aoyout; aTTAoTToiqoqs tou ^rjTqpaTOc;, va 9eajpr|ooupE oti laxuei Kai yeviKa. 
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auxvoTr|T£c; tcov 8uo ouviotcoocov Kivqaecov 5tv dvai faec; q auv0£Tq 
Kivqaq 0a dvai appoviKq TaAavTcoaq. 

'Eva i5iaiT£po 0£copqTtKo aAAa Kai TTpaKTiKo EvSiacpspov rrapouaia^E- 
Tai crrqv TTEpfTTTCDaq ttou q pia auxvoTqTa dvai aiapaio TroAAaTTAaaio Tq<; 
aAAq<;, ottote ttpokutttei TT£pio8iKq Kivqaq p£ auxvoTqTa Tq piKpoTEpq 
otto ti^ Suo auxvoTqT£<;. Av yia Trapd8eiypa £va uAiko aqpdo aupp£T£X£i 
G£ Suo appoviK £<5 TaAavTcba£i<; auxvoTqTcov v Kai 2v q ouv0rrq Kivqaq too 
0a dvai TT£pio5iKrj TaAavTcoaq auxvoTqTa^ v. Av oi auxvoTqTa tcov 8uo 
Kivqaecov dvai v Kai 5v q ouv0£Tq Kivqaq 0a dvai TT£pio8iKq TaAavTcooq p£ 
auxvoTqTa v. Kan avaAoyo ioxuei Kai OTqv TTEprnrcooq ttou oi Kivqa£i<; 

dvai TT£piOOOT£p£<^ OTTO 8uO. KaTO Tq OUV0£Oq OOCOv8qTTOT£ appOVIKCOV 
TaAavTcba£Cov Tq<; iSiac; 8i£u0uvaq^ tcov ottoicov oi auxvoTqTEt; 0a dvai v, 
2v, 2v, 4v k.Att., q Kivqaq ttou ttpokutttei 0a dvai nn'aqc; TT£pio8iKq 
TaAavTcoaq ouxvoTqTac; v. 

2. Kara Tqv TrpcoTq 8£Ka£na tou TT£paap£vou aicova o faAAo<; pa 0 qpaTiKO<; 
Tean Batiste Fourier (Zav MTTanoT Ooupie, 1768-1 8^ avTiOTpecpovTa^ to 




fTapaTravco aupTT£paapa aTT£8£i^£ pia TTpOTaoq q ottoio TOTTobCTouoe 
Tqv appoviKq TaAavTcoaq oe pia «Tr£piOTrrq» 0eoq peoa oto ouvoAo tcov 
TT£ pio8i kcov TaAavTtoo£cov. AtteSei^e oti «Ka0£ TTtpioSiKq TaAavTo>ar|, 
auxvoTr|Ta^ v fmopci va avaAuOd at 0£ipd appoviKcov toAovtcooecov oi 
0UXVOTr|TE$ TCOV OTTOICOV 0O £IVQI OKEpOlO TToAAaiTAdoia TT|$ OUXVOTI]Ta^ 
v». (Oecopqpa Fourier). 

Zupcpcova p£ auTo to Oecopqpa oi appoviKec; TaAavTcbaeic; aiTOTEAouv Ta 
«SopiKa OTOiX£ia» piat; OTroia8qTTOTE mpiobiKqc; TaAuvTcoaqv 

Miac; peydAqs ttoikiAio^ TTpaKTiK£c^ Ecpappoyd; 6 aai£ovTai oto iSio outo 
0 £cbpqpa. To pouaiKo auv 0 £oai^£p, yia TTapaSeiypa, kovei oiivOeaq qxcov 
koto Fourier. 
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122.1 



T 



L 



: <u: 



To povteAo paq e8co dvai Eva KUKAcopa (Thomson) p£ TTUKVCOTq koi Trqvio 
Xtopiq copiKq avTicrraaq. Eivai, koto guvetteio, Eva KUKAcopa oto ottoio Sev 

8r|(jioupY£iTai cpaivopEvo Joule koi q 
£V£py£ia 8ev uTro6a0pi^£Tai. A£i£ei va 0u- 
pq0oup£ oti o cpopTiopEVoq TTUKVCOTqq caro- 
teAei pfa aiTO0r|Kq EVEpyEiaq qAEKTpiKOU 
tte6iou evco to pEupaToepopo TTqVIO pia 
aTTO0r|Kq EVEpysiaq payvqTiKou tte6iou. 

EvEpyoTToioupE to ouoTqpa cpopd^ovTaq 
(q 0 ) TOV TTUKVCOTq (C). Tq OTiypq EKEivq to 
ouoTqpa £X£i EVEpyEia q,, 2 /2C aTTOTapiEupE- 
vq OTO qAEKTpIKO TTe6[o TOU TTUKVCOTq. O 
TTUKvcoTqq apx^Ei apeocoq va EKcpopTi^ETai. 
H EVEpyEia tou EAaTTCovETai. To Trqvio (L) 
SiappEETai otto pEupa (I), upaypa ttou 
aqpalvEi oti SqpioupyEiTai payvqTiKO tteSio 
OTO OTTOIO aTTO0qK£U£Tai EVEpyEia ioq p£ 
LI 2 /2. Ecpoaov 6£X0qKap£ oti 8ev TrapaTq- 
peiTai UTro6a0pioq, q EVEpyEia tou ouoTq- 
paToq 8iaTqp£iTai OTa0£pq. H SiaTqpqaq 
pTTOpEI va EKCppaOTEI p£ Tqv E^IGCOOq 
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E = 



1 *l= is: 

2 C 2 C 2 






OTav O TTUKVCOTqq EKCpOpTIOTEI , oAq q 
EVEpyEia qAEKTpiKOU TTE8lOU £X£I pETOTpaTTEt 
oe EVEpyEia payvqTiKou tt£8iou LI 0 2 /2. Tq 
OTiypq EKEivq to pEupa Trapouoia^Ei Tq 
pEyiaTq Tipq Kai ioxuei 



^ LI(j = 



1 qo_" 

2 C 



Ecp' ooov opcoq to pEupa Eivai xpovi^a pETaBaAAopsvo, SqpioupyEiTai koi 
cpaivopEVO auTETraycoyqq. XTqv ETTOpEvq 8qAa8q cpaoq to Trqvio AeiTOupyEi 
coq 8iTToAo-y£vvqTpia koi apxi^Ei va cpopTi^Ei ttoAi tov TruKvcoTq. H aTroTa- 
piEupEvq oto Trqvio EVEpyEia p£ Tq popcpq EVEpyeiaq payvqTiKou tteSiou 
pETaTpETTEiai OE EVEpyEia qAEKTpiKOU TTE&IOU TTOU OTTOTapiEUETai OTOV 
TTUKVCOTq. To pEupa CpOpTI^EI TOV TTUKVCOTq p£ aVTI0ETq TCOpa TroAlKOTqTa. 

KaTa Tq anypq aKpiBcoq ttou q EVEpyEia payvqTiKou tte8iou exei oAq 
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£^aVTAq0£l, OTOV TTUKVCOTq £X £1 OTTOTapiEUTEi TO |J£yiOTO Trjc; £V£py£ia<; 
r|A£KTpiKOO tteSiou. 0a £TTaKoAou0qa£i tpuaiKa v£a EKcpopTiaq tou TruKvarrq 
ps au^avopevo psupa avTi0£Tqq cpopac; auo Tqv TrpoqyoupEvq ttou 0a 
SqpioupyEi payvqTiKo tte8io oto TTqvio oto ottoio Kai 0a aTro0qK£U£Tai 
£V£py£ia. To psupa auTo ottokto Tq pEyiarq Tipq too koto Tq OTiypq tiou o 
TTUKVtOTqq ex^i TTia EKcpopTicrrEi. Atto Tq OTiypq EKEivq to Trqvi'o 0a apxioEi 
Kai TraAi va Tpocpo6oT£i EVEpyEiaKa tov TTUKVCOTq Kai va tov (popTi^Ei p£ Tqv 
apxiKq TroAiKOTqTa. H cpopTiaq too TruKvarrq oAoKAqpcovETai Tq cmypq 
aKpiBcbq ttou to pEupa pq5£vi^£Tai Kai to payvqTiKo tte8io tou Trqviou iyz\ 
TTdip£i va ucpfcrraTai. O kukAoc; oupTTAqpu)0qK£ Kai 0a £TravaAqcp0d aTqv 
i'8ia OKpiGcbq xpoviKq SidpKEia p£ tov TrpoqyoupEvo. To cpaivopEVO dvai 
TT£pio8iKO. H opoiOTqTa tou p£ Tq pqxaviKq appoviKq TaAavTcooq Eivai 
Epcpavqq. Xe KEivq Tqv Tr£pmra>aq Eiyapc mpioSiKq prraTpoTrq Tqq 8uvapi- 
Kqq EVEpysiaq 0 £ KivqriKq. Tcbpa ExoupE TTEpioSiKq naAi pETaTpoTTq Tqq 
EVEpyeiaq qAeKTpiKou tt£8iou 0£ £V£py£ia payvqTiKOu tte8iou. To cpaivopEvo 
AeyETai qA£KTpopayvqTiKrj TaAavTcooq. 

Xupcptova p£ to S£UT£po Kavova Kirchhoff to a0poiapa tcov tooecov koto 
prjKoq tou kAeigtou KUKAcopaToq (koi oe koc0e xpoviKq OTiypq) 0a Eivai fao 
upoq pq8£v. Av Trpoo0£ooup£ Aoittov Tqv raoq gtouc; oTrAiopouq tou 
TruKvarrq Kai Tqv au^TraycoyiKq Taaq tou Trqviou to a0poiopa Touq 0a Efvai 
igo Trpoq pqSsv 



Xupcptova optoq Kai p£ tov opiapo Tqq EVTaaqq pEupaToq igxuei 

i= 

dt 

O ouv8uaapoq tcov Suo e^igcogecov paq Sivei pia SiacpopiKq E^iocooq q 
Auaq Tqq OTrofaq Eivai q ouvapTqaq cpopTiou-xpovou 

q = qon , v ^t 

H TTOGOTqTa l/\/ LC ottoteAei Tqv KUKAiKq ouxvoTqTa (to) tou ttepio8ikou 
auTou cpaivopEvou, to yivopEvo SqAaSq Tqq ouxvoTqTaq etti tov api 0 po 2tt. 
MTropoupE Aoittov va ypacpoupE Kai q=q 0 qpcot aAAa Kai co=2Trv=2Tr/T=1/ 

Vlc =» 

T = 2jtVTC 



H TToaoTqTa 2ttY~LC paq Sivei Tqv TTEpioSo Tqq qAEKTpopayvqTiKqq tgAovtco- 
aqq q OTtoia Eivai TaAavTcooq £A£U0£pq Kai apEicoTq. H iSia Aoittov TToaoTqTa 
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aTroTeAEi Kai Tqv i 6 iOTrepio 6 o too KUKAdiporroq. H xpoviKq auvapTqaq tou 
pEuporroq TTpoaSiopf^ETai otto to ouvSuaopo Tqq E^iotDoqq q=q 0 qpa)t p£ Tqv 
E^i'ocooq ttou EKcppa^Ei Tq 5 icrrqpqaq Tqq EVEpysiaq. 



i qo 1 



2 C 2 
q=q 0 qpcot 



q i 2 

■^+— LI 2 
C 2 



} 



=> I=a>q 0 ouv(jL)t 



H i5ia auvapTqoq ttpokutttei koi cmo to ouvSuaopo Tqq q=q 0 qpa)t Kai Tqq 
£^ioo)oqq opiopou Tq<; EVTaoqq peupaToq pfoa opcoq atro Tq pa0qpaTiKq 
upa^q Tqq TrapaycbYiaqq 



q=q 0 qpa)t 

i=^i 

dt 



I=coq 0 ouvcot 



A£i£ei tov kotto rrpiv Trpox<opqaoup£ va avTiTrapa 0 £Ooup£ to avTiOTOixa 
p£y£ 0 q koi Tiq avTioToixes £^iocba£iq ttou TTEpiypacpouv Tq pqx av,K H Kai Tqv 
qAEKTpopayvqTiKq TaAavTcooq. 



Mqx« v iKq TaAavTcooq HAEKTpopayvqTiKq TaAavTwaq 



aTTopaKpuvaq 


x=x 0 qpcot 


qAEKTpiKO (popTIO 


q=q 0 qpo)t 


TaxuTqTa 


u=cox 0 auvcat 


qAEKTpiKO pEUpa 


I=ooq n ouvo 3 t 


pa£a 


m 


ETTaycoyi KOTqra 


L 


OTa 0 £pa 




avTicrrpocpo 




ETTavacpopaq 


D 


XcopqTiKOTqTaq 


1/C 


KivqTiKq EVEpyEia 


j-mu 2 


EVEpysia 


1LI 2 




Dx 2 / 2 


payvqTiKOu tteSiou 


SuvapiKq EVEpysia 


EVEpyEia 








qAEKTpiKOU tteSiou 


q 2 /2C 


TTEpioSoq 


T=2TT\/m7D 


TTEpfoSoq 


T=2-nVLC 



napayajyq apriurn^ qA£KTpopayvqTiKq<; TaAavTcooq^. 'OAa auTa opcoq 
ioxuouv yia Eva KUKAcopa-povTEAo to ottoio 5 ev pTropsi va uTTap^Ei OTqv 
TTpaypaTiKOTqTa. Kara Tq AEiraupyia evoc; TrpaypaTiKOU KUKAcoparaq q 

£V£py£iaKq uno 6 a 0 pioq 0 a ouvteAeotei ava- 
TTocpEUKTa. To apxixo «TrAaToq» tou pEuparaq 
auv£xcbq 0 a eAarrcbvETai. Tia va to SiaTqpq- 

" i * oou|j£ OTa 0 £po 0 a ttpettei va auvTqpoupE 

£V£py£iaKa to KUKAcopa. 0 a ttpettei 8 qAa 6 q va 
TipoocpEpoupE pu 0 piKa Toaq aKpi 6 d)q EVEpyEia 
ooq (Aoyco cpaivopsvou Joule) uTTo 6 a 0 pf£Erai. 
Me pfa KaraAAqAq qAEKTpoviKq Siara^q pTTopoupE va to ttetuxoupe. H 
qAEKTpopayvqTiKq auTq TaAavTcooq 0 a Eivai apEiarrq aAAa 8 e 0 a Eivai 
6 £ 6 aia £A£u 0 £pq. 
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E^avayKaopsvr| qAEicTpopayviyriKq TaAdvTtoar|. luvToviopoc;. Ac; utto 0£- 
ooupE oti £XOup£ 6uo KUKAcopaTa Thomson (L l5 Ci Kai L 2 ,C 2 ) ttou BpiOKOVTai 
o£ ETTaycoyiKq au^Eu^q. Ito £va arro airra oupBaivsi apEiarrq (ouvTqpoupE- 
vq) qAEKTpopayvqTiKq TaAavTcoaq p£ 7T£pio6o T 1 =2 ttVL^C 1 . To KUKAcopa 
5iapp££Tai aTro EvaAaaaopEvo pEupa ouxvoTqTac; v^I^ttVLiCi to ottoio 
6qpioupyd payvqmo tte5io appoviKa p£Ta8aAAop£vo p£ Tqv iSia ouxvo- 
Tqra. 

Meoo oto p£Ta6aAAop£vo outo payvqTiKo tteSi'o 6piOK£Tai to TTqvio tou 
5£UT£pOU KUKAcbpaTOC;, p£ aTTOTEAEOpa va ETTCXyETai o' OUTO EvaAAaooopEvq 
raaq Tqc; fSiac; ouxvoTqTac;. Kot' outov tov Tpouo to Seutepo KUKAcopa 
6i£y£ip£Tai Kai ekteAei E^avayKaopEvq qAEKTpopayvqTiKq TaAavTcoaq q 
OTToia avixvEUETai otto Tq cparroBoAia evoc; AapTrrqpa ttou uTrapxei oto 
KUKAcopa. 

MiTOpoupE e6co va TrapaTqpqaoupE Kai Korn avaAoyo p£ auTO ttou 
oupBaiVEi koto Tqv E^avayKaopEvq «pqxaviKq» TaAavTcoaq. H cparroBoAia 
tou AapTTTqpa Eivai toco ttio EVTOvq 600 piKpoTEpq Eivai q 6iacpopa Tqc; 
ouxvoTqTa^ tou SiEyEpTq otto Tqv iSioauxvoTqTa tou ouvTOviaTq. Av 
paAicrra to Seutepo KUKAcopa 6ia0£T£i pETaBAqTo TTUKvcoTq , Eivai Suvotov 
p£Ta6aAAovTa<; Tq x^opqTiKOTqTa tou, pETaBaAAovTac; 8qAa6q Tqv iSioou- 
XVOTqTa TOU 6£UT£pOU aUTOU KUKAcopOTOq, va TTETUXOUpE OUVTOVIOpO. 
Ka0cbc; q Tipq Tqc; i8ioauxvoTqTa<; TTpooEyyf^Ei Tqv Tipq Tqc; ouxvoTqTac; tou 
8i£y£pTq t q cparroBoAia tou AapTTTqpa yivETai 0A0 Kai ttio EVTOvq , yEyovoc; to 
ottoio pETacppa^oupE coc; au^qoq tou ttA6touc; Tqc; TaAavTcooqc;. Av 01 8uo 
auxvoTqTEc; e£ioco0ouv o SiEyspTqc; ekteAei TaAavTcoaq p£ to pEyiaTo ttA6toc; 
Trpaypa ttou SiaTnoTcbvETai otto Tq EVTaaq Tqc; cpcoToBoAfac; tou AapTrrqpa- 
avixvEUTq. I' auTq Tqv TTEphTTcooq A6pE oti pETafju tcov Suo KUKAcopdrrcov 
ucpkrraTai auvTOviopoc;. 

'Eva tetoio auvTOviapo ETTiSicoKOupE Ka0cbc; yupi^oupE to KaTaAAqAo 
KoupiTi tou paSiocpcoviKou §£KTq pac; ipaxvovTac; yia to oTa0po ttou 
0£Aoup£. Me Tqv Kivqoq ttou KavoupE p£Ta6aAAoup£ Tq x co P r l T,K< ^ Tr l Ta 
kchtoiou TTUKvcoTq, pETaBaAAoupE 8qAa8q Tqv iSioouxvoTqTa evoc; ouyKEKpi- 
pEvou KUKAcopaToc;. 



H yeviKEuaq Tqc; Evvoiac; «TaAavTCOoq» 

AvacpEpOqKapE oe toAovtcooeic; pqxaviKEc; Kai oe toAovtcooeic; qAEKTpopa- 
yvqTiKEc;. AttoSexopevoi Tcopa pia ysviKEuoq, ttou ex^i ETTiKpaTqaEi, 0a 
XpqoipoiTOioupE tov opo «TaAavTcoaq» yia Ka0£ tottiko cpaivopEvo Kara to 
ottoio 01 iSiOTqTEc; tou pEOOu TTapouaia^ouv xpoviKq TTEpioSiKq pETaBoAq. 
AsyovTac; Aoyou x«piv q TaAavTcoaq piac; aEpiac; orqAqc; 0a EvvooupE Tqv 
TTEpioSiKq pETaBoAq Tqc; TTiEoqc; Tqc; aEpiac; aTqAqc;. H TTEpioSiKq pETaBoAq 
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ttou Trapouoia^ei q evt aoq tou qAEKTpiKOu tte6iou oe £va opiopEvo aqpeio 
tou x<i>pou 0a arroTeAEi ETTioqs pia TaAavToooq. 

Ta cpaivopEva p£ Ta orroia 0a KaTaTTiaoToup£ a peaces uapaKaTco 
bqpioupyouvTai arro KOtTroia TaAavToooq Kai peoa airo Karroia aAAq 
TaAavxtooq avixveuovTai. H SiaSooq teAos Tqs TaAavTcooqs ano tov TropTro 
( TT qyq) Trpos tov 5£KTq (avixvEUTq) 0a yivETai pe Tq popcpq KupaTOS* 

Av q TaAavTcooq y(v£Tai Ka0£Ta orq 5i£U0uvoq Tqs 5id6ooqs Tqs, to Kupa 
XapaKTqpi^£Tai cos Eyicdpoio. Av TraAi q 6i£U0uvoq SiaSooqc; oupTTmrEi p£ Tq 




8i£U0uvoq Tqs TaAavTcooqs — ottcos oupGaivei koto Tq 6ia8oaq tou qx°u 
otov aepa — to Kupa XQP aKTr lP^ £Tai SiapqKEs* 



H £vvoia «KU(ia» 

0a ^£Kivqaoup£ Kai ttoAi otto eva povteAo. Auto 0a dvai to ypapputo 
Asyopevo Kupa, to Kupa SqAaSq ttou SioSiSetoi Kara pia povo 5i£u0uvoq. To 
pOVT£Ao pa^ TrpOO£yyi^£Tai p£ £Va TEVTCOpEVO OKOIVI. As UTTO0£OOUp£ OTI TO 
£va aKpo tou okoiviou dvai oTEpEcopevo oTa0£pa. KpaTcbvTas to aAAo aKpo 
p£ to \zp\ P a S TO avayKaZ^oupE va ekteAeoei pia TaAavToooq opiopevqs 
auxvoTqTas Ka0£Ta crrq 6ieu- 
0uvoq tou okoiviou. flapaTq- 
poupe oti q SiaTapaxq p£Ta- 
SiSetoi koto pqKOS tou okoi- 
viou p£ opiopEvq TaxuTqTa. 

To okoivi ottoteAei to p£Oo 
SiaSooqs* To Kupa Eivai 
EyKapoio. 

To (paivopsvo oto \povo. H 
TaAavTcooq. Av ouyKEVTpcb- 
ooupE Tqv Trpoaoxq pos oe 
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eva povo oqpdo tou x^pou TrapaKoAouBoovTac; Tqv <<TT£pnT£T£id>> tou p£oa 
cjtov xpovo, 0 a SiaiTioTcbooupE oti ekteAei TaAavTtooq p£ ouxvoTqTa foq 
TTpoc; Tq ouxvoTqTa Tqc; Trqyqc;. H ouxvoTqTa auTq q orroia Eivai teAiko Koivq 
yia oAa to oqpda tou p£oou SiaSooqc; AEyETai Kai ouxvoTr|Ta tou KupaToc;. 

Eva aKO|ja otoixeio a£i- j n TIT TV V VT VTI WT IX X YMOT MWWWI 
Zfi\ va toviotei. H TaAavTO)- # > > > »» § » » — • »»•»•« o 

oq tou Tuyaiou oqpEiou >x f t t t i > t i t- ♦ t > ■ » i 1 

TTOU p£A£Tap£ EX ei Tr l V * 5 lO 2 

popcpq p£ Tqv TaAavTwoq ^ t < 3 

Tqc; Trqyqc;. Av, yia uapa- * * * * * * " " • 1 > 4 

8£iypa, KaTacp£poup£ va 
£^avayKaooup£ to aKpo 

tou okoiviou va ekteAei * * * * * * * ^ 

aTrAq appoviKq TaAavTco- ^ | * # • * 1 * * 1 7 

oq, q TaAavTcooq tou tu- — * — • — • — • — • — *—• 8 

yaiou auTOu oqpEiou — • — • — • — * — • — • 9 

— opa Kai Ka 0 £ oqpdov — • — * — * — • — # 10 

tou oyoiviou — 0 a dvai * * — ^ — - - -- « — • — « — • 1 1 

aTrAq appoviKq. ^ ^ 2 

To (paivopsvo oto x<*>po. t b 1 q 

To Kupa. H SiaTapaxq 61a- 

6 i 5 £toi p£ pia opiopevq Ta- ^ ^ 

XUTqTa q Tipq Tqc; oTroiac; 

£^apTO(Tai ano tic; i8ioTqT£c; tou okoiviou. To ouyKEKpipEvo SqAaSq okoivi 
«£T n6aAA£i» OTq SiaTapayq pia opiapsvq TayuTqTa q Tipq Tqc; onoiac; 6 ev 
E^ apTOTai auo Tq auxvoTqTa, yia Trapd8£iypa, Tqc; SiaTapaxqs aAAa otto 
tic; £AaanK£(; Kai a8puv£iaK£c; t 5 ioTqT£c; tou. 

A£^ei e8o> va Trpoad,oup£ oti q TaxuTqTa SiaSooqc; tou KupaToc; 8 ev £ivai 
TaxuTqTa evoc; uAikou oqpEiou, q Tipq Tqc; opcoc; Trpoo8iopi^ETai p£ Tqv (Sia 
aKpiSobCj AoyiKq. Av to eAootiko pEGO Trapouoia^Ei koto pia opiapEvq 
5 i£U 0 uvoq tic; [Siec; iSiOTqra;, q TaxuTqTa 8ia8ooqc; koto Tq 8 i£U 0 uvoq airrq 
0 a uTroAoyi^ETai auo £va TTqAiKo p£ api 0 pqTq Tqv aTToerraaq OTqv oiToia 
p£Ta 8 o 0 qK£ q 8iaTapaxq oe opiopEvq xpoviKq SiapKEia Kai TrapovopaoTq Tq 
XpoviKq auTq 8idpK£ia. 

H anooTaaq OTqv onoia 8ia8(8£Tai q 8iaTapaxq oe xpovo piaq TT£pio8ou 
auoTEAEi to A£yop£vo pqKO^ KupaToc;. 

To p£y£ 0 oc; oupBoAi^ETai 8 i£ 0 vcoc; p£ to EAAqviKO ypappa «A» Kai ottoteAei 
E va GTOixdo TauTOTqTac; tou ko 0 e KupaToc;. H Tipq tou E^apTdTai Kai (i) 
otto tic; i8ioTqT£<; tou pEGOU aAAa Kai (ii) otto Tq ouxvoTqTa Tqc; KupaTiKqc; 

TTqyqs- 

Av ouv8uaooup£ tov opiopo tou prjKOUc; KupaToc; p£ tov opiopo Tqc; 
TaxoTqTac; SiaSooqc;, KaTaAqyoupE OTqv E^iocooq A=cT q OTqv ioo8uvapq 
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:=Av r| OTTOia aTTOTtAd Tq AeyopEvq GtjjtAiobSq t^iocooq tcov KupaTcov. 

' — ^ — — 

c=Av OcpeAicuSr]^ e^iocooq tcov KupdTtov 



To Kupa koi to pa0qpaTiKa 

Tta va TT£piypdipoup£ to Kupa KaTacpeuyoupe crrq yAcoaoa tcov pa0qpaTi- 
Kcbv. Ga £Tn8ioa^oup£ va 8qpioupyqaoup£ pia ouvapTqoq ttou va pac; 
TT£piypaq)£i rqv KaTaoTaoq kc<0£ oqpdou tou peoou oe Ka0£ xpoviKq OTiypq. 

YTTO0£Toup£ oti q TaAavToooq Tqq TTqyqc; dvai anAq appoviKq. Ka0£ 
oqpdo too peoou 0a ekteAei, ottcoc; dirape, xrapopoia TaAavToooq p£ Tqv 181 a 
ouxvoTqTa. To Kupa o' auTq Tqv Treprnrcoaq xapaKTqpi^£Tai coc; appoviKO. 
Ac; 8£x0oup£ koi pia aKopa oupBaaq. 0a 0£copoup£ oti to ttAotoc; Tqc; 
TaAavTCooqc; 0a £Xti yia oAa Ta aqpeia Tqv 181 a Tipq. H Kivqoq ouvettco^ Ka0£ 
oqpdou too peoou 0a TTepiypacpeTai otto pia ouvapTqoq p£ tutto ^=^ 0 qpa>t. 
Tia va £X£i opcoc, kootoio ev 8 iacpepov auTq q ouvapTqoq, 0a TTpeTrei va 
exoupe 8 i£u Kp i vi o£ i Troia eivai q XpoviKq OTiypq Tqv OTTOia 8 £XopaoT£ ok; 
apxq tcov xpovcov yia Tqv Kivqoq tou k 60£ aqpeiou x^piaTd. Eivai cpavepo 
oti pia T£TOia ouvapTqoq pr pia povo ave^apTqTq peTaBAqTq (t) Se pTTopei 
va avTairoKpi0£i oto va Trepiypcupei auTO ttou eTnSitoKOupe. 

Xpeia^opoore pia ouvapTqoq OTqv ouoi'a oi xpoviKec; oTiypec; va avacpepovTai oe pia 
apxq XP (mov eviaia yia oAa to oqpeia tou peoou. Tia va to KaTacpepoupe 
cxKoAou0oupe Tqv irapaKaToo ouAAoyioTiKq. 

0£(opoup£ eva Tuyaio oqpeio I (tou lAacrriKou peoou) to ottoi'o BpioKETai oe 
arrooTaoq* «x» otto Tqv KupaTiKq Trqyq**. H SiaTapaxq cp0avei crro oqpeio 51 oe 
Xpovo At = x/c pera Tqv eKKivqoq Tqc, TTqyqc,. Av yia napaSeiypa, q KupaTiKq Trqyq (11) 
£X£i koto Tq xpoviKq OTiypq t — 0 aTropdKpuvoq £=(), to oqpeio X 0a ex £l Tqv ( 6 ia 
aTTOpaKpuvoq pera otto xpovo x/c. Koto Tq xpoviKq OTiypq t=T/4 q Trqyq 0a 
8 piOK£Tai oto otKpo Tqc; TaAdvTOouqc; pe pqSeviKq TaxuTqTa. To oqpeio 51 0a BpioKETai 
orqv i 8 ia KaTaoTaoq peTa otto xpoviKq SiapKeia x/c Tq OTiypq 5qAa5q t=T/4 + x/c. 
Auto yeviKOTepa oqpaivei oti av q KupaTiKq Trqyq, BpiOKtTai koto Tq OTiypq t ;1 oe pia 
opiopcvq KivqTiKq KotTaoTaaq, to oqpeio X 0a 6 piOK£TOi OTqv iSia KivqTiKq 
KaTaoTaoq koto Tq OTiypq t a +x/c. Kai avTi0£Ta to tuxoio (apa Kai Ka0e) oqpeio X 
exei oe Ka0e «Toopa» Tqv anopaKpovoq irou dxe q Trqyq npiv otto xpovo x/c. Xe pia 
Aoirrov Tuyai'a OTiypq t av q Trqyq exei anopaKpuvoq (KO0£Ta OTr] 8ieu0uvoq 
8ia5ooqc;) ^=^oqpa)t, q aTropaKpuvoq tou Tuxaiou oqpeio X 0a eivai £=£oqpco(t— x/c). 



* If. ino aucn qpq 6iot UTraiori to «x» TTapiardvci rqv arrocrrauq rqc; Qeoqs looppom'as too oqpdou auTOu ano 
iq 0foq laoppoTTiac, Tqo; nqyqt; 

** Ka0f oqpfio tou ptaou pnopei va OfcopqQfi' ok^ KupaTiKq Trqyq 
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Av avTiKaTaaTqooupE Tqv kukAik^ ouxvoTqTa p£ 2 tt/T koi 0upq0oup£ oti cT=A 
p-rropoupE va Scdooupc OTr| ouvapTqoq Tq popcpq 

Eivai pia ouvapTqoq ttou acpopa oe k60e oqpEio tou psoou SiaSooqs koi 0 £ k60e 
Xpovucq OTiypq. Exei ETriKpaTqoEi va ovopa^ETai djiocooq appovikou Kuporros* If 
auTqv Eivai 

E, q aTTopaKpuvaq ttou TTapouoia^Ei Eva oTToioSqmm: oqpEio tou pEoou 6ia6ooqs 
otto Tq 0£oq laoppoTriaq tou 

x q aTTOOTaoq tou oqpEiou auTOu otto Tqv Trqyq 

t q xP ov,K n «otTToaTaaq» Tqs OTiypqs oTqv ottoio avacpEpopaoTE otto Kauoia 
Ka0opiop£vq apxq XP° VC0V 

T q Koivq TTEpioSos TaAavTcooqs oAcov tcov oqpdcov, koi 
A to pqKos KupaTOS- 

H AsyopEvq Aoittov EEjocooq appoviKOu KupaTos Eivai pia ouvapTqoq (£) p£ 6uo 
p£Ta6AqT£^ $=£(t,x). A£i£ei va Tqv EpEuvqooupE. 

а. Av 0£AoupE q ouvapTqoq va avacp£p£Tai oe Eva koi povo auyKEKpipEVO oqpEio 
tou p£oou 5ia6ooqs 0a xP EiaOT£1 va ScbooupE crro «x» pia OTa0£pq Tipq — as 
UTTO0£OOup£ d — ttou 0a Eivai q aTToerraoq, tou oqpEiou auTou otto Tqv TTqyq tou 
K upaTOS- 0a tt poKuipEi etoi q ouvapTqoq 

$=$oniJMy-y) 

ttou pas TTAqpocpopEi' yia tis Geoeis ttou ottokto to ouyKEKpipEvo outo KivqTO- 
oqpEio oto KuAqpa tou xpo v °u. 

б. Aivovtos opcos oto xpovo t pia OTa0£pq Tipq (t=t a ) koi 0EcopcovTas etoi povo to x 
cos p£Ta6AqTq Tqs ouvapTqoqs 0a TTpOKUipEi 

^=^onH2TT(^--y) 

pia ouvapTqoq SqAa8q £=£(x) q ottoio avacpepETai oto ouvoAo tcov oqpdcov tou 
p£OOu koi pas TTAqpocpopEi yia Tq 0£oq ko0ev6s otto aura oe pia ouyKEKpipEvq 
XpoviKq OTiypq. 

r * 

Odoq koi 6iacpopa cpaaqs* H TToooTqTu cp = 2TT(t/T-x/A) Atytiai cpaoq. Ka0e oqpeio tou 
pEoou oe k60e xpoviKq OTiypq x a P aKT qp | '^ £Ta ' aTT d P ia <<c pdoq», q ottoio pas TTAqpocpopEi 
yia rqv Kivqn Kq tou KardoTaaq. 

As Gecopqooupc 8uo aqpeia OTqv f6ia 8i£u0uvaq 6ia6ooqs to ottoio 6piOKOVTai OE 
aTTOOTaoEis x, koi \ 2 avTioToixa arro Tqv Trqyq, Xe pia ouyKEKpipEvq xpo v i K H OTiypq 01 
cpaoEis tous 0a Eivai 

2tt(T_IL) Ka , 2 tt (X-y) 

V T A ' V T A ' 



0a exouv 6iacpopa Acp=2TT 
tcov 6uo auTcov oqpEicov. 



A 



. H aTTOOTaoq pas 6 ivei Tqv aTrocrraoq (d) 
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Me 6aoq Ta TTapaTTQvco pTTopoupE va TTpoxcopqooupE at opiopeva TTOpiopaTa: 
a. Auo aqpeia tou eAootikou pEoou ttou SpioKovTai orr[v 161a SiEuGuvoq 6ia6ooqc; kcm q 
aTTOGTaaq Tout; Eivai aKEpaio rroAAaTTAaoio tou pqKout; KupaTot; exouv 6ia9opa <paoq<; 
aKEpaio TToAAaTTAaoio tou «2 tt». * 

Acp = 2 tt -- A ^i = 5or|P c Pi 1 

* r ^ Acp = 2ktt A ^ ^=£2- 

d-k-A J ^ = $onp(9i + 2kTT) J 

Auto oqpaivEi oti to 6uo outo oqpei'Q exouv SiapKtot; Tqv i'6ia aTTopaKpuvoq kcm 
yEviKOTEpu Tqv i'6io KivqTiKq KaTacrraoq. LuvqGi^ETai va AepE oti ra 6uo auTO oqpEia 
6piOKOVTai OTqv i'6ia 9aor ( . H piKpoTEpq aTrooTaoq 6uo tetoicov oqpEicov Ei'vai pqKot; 
KupaTOc;. MuopoupE Aoittov va Scbooupc Eva aKopq opiopo yia to pqKoc; KupaTot;: 
MqKoc; KupaTOt; AcycTai q anoaTaaq 6uo TrAqoiEOTEpcov oqpEicov ttou BpiOKOVTai crrqv 161a 
9aoq. 

Ewoeitoi oti ava9£popaoTE oe oqpefa nou 6piaKovTai OTqv 161a 6i£U0uvaq 6ia6ooqt;. 
nEpioSo? Kai pqKot; KupaTot;. H TTEpioSot; evo<; KupaTot; EK9pa^£i Tq «xpoviKq TTEpioSiKO- 
TqTa» Tqt; oupTTEpi9opac; evot; oqpEiou tou pEoou. AttoteAei Tqv EAaxiOTq XP 0VIK H 
arroaTaoq avapEoa oe 6uo Trapopoia ysyovoTa ttou 0a oupGouv crro 1610 oqpEio (TTEpioxq). 
Atto Tqv aAAq pEpia to pqKoc, KupaTOt; EK9pa^Ei Eva EiSot; «xcopiKqt; TT£pio6iKOTqTat;» tou 
ouvoAou tcov oqpEicov oe pia opiapEvq xpoviKq OTiypq. AttoteAei Tqv EAaxicrrq « x^ P * K H 
aTTOOTaoq» avapEoa oe 6uo 161a yEyovoTa ttou oup6aivouv Tqv i'6ia xpoviKq OTiypq 




H xpoviKq ouvapTqoq £=f(t) TT£piypa9£i Tr l v 
«IOTOpia» EVOCJ OUyKEKpIpEVOU oqpEiou TOU 
pEoou oto ottoio 6ia8i&£Tai Eva appoviKo 
Kupa H nrpioSot; TrapiOTavETai ax; q cAaxi- 
crrq xpoviKq OTTOOTaoq avapEoa oe 6uo 
oriypEt; koto tk; ottoiec; to oqpEio Trapou- 
oia^Ei Tqv i'6ia oupTTEpi9opa. 




H xcopiKq ouvapTqoq £=f(x) Evot; appoviKOu 
KupaToq, aTTo6i'6£i Eva «OTiypi6TUTro» tou 
KupaToq. Mat; Si'vei pia eikovo yia tk; Geoek; 
tojv 6 ia 96 pcov oqpEicov oe pia opiopsvq 
XpoviKq OTiypq. Ei'vai* q EiKOva ttou 0a 
TTEpvapE av pTTopouoapE va «9coToypa9i“ 
oo upc» Tqv KupaTiKq SiaTapaxq q, p' aAAa 
Aoyia, v' aKivqTOTroiqooupE to xpo vo - To 
pqKoc; KupaTOs TTapioTavETai cot; q EAaxicrrq 
XCopiKq aTTocrraoq avapEoa oe 6uo oqpEia 
Ta OTTOi'a Tq OTiypq EKEivq — aAAa Kai k60e 
OTiypq — exouv Tqv i'6ia oupTTEpi 90 pa. 



'OAa Ta TTpoqyoupeva ava9EpovTai ot appoviKo Kupa eAacmKOTqTat; to ottoio 
8ia6i6£Tai koto Tq pia povo SieuGuvoq. ApKETa opcoc; otto out6 acpopouv Kai oe eva 
OTTOIoSqTTOTE KUpa yEVIKOTEpa. iTq yEVIKq aUTq TTEpITTTCOOq 0a UTTapXEI pia 
TaXavToupevq «TTOooTqTa» ttou pTropEi — ottco^ eiTTapE — va Eivai q TTiEoq tou a£pa 
OTa qxqTiKa KupaTa OTrcot; Kai q EVTaoq tou qAEKTpiKOu (q Kai payvqTiKOu) tteSiou to 
qAEKTpopayvqTiKa KupaTa. 
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H Tipq f(x,t) Trj^ raAavToupEvqc; auTqc; ttooo- 
TrjTas 0 a dvat (i) ouvapTqoq<; 0 Eaqc; Kai (ii) 
ouvapTqoq xpovou. Ha 6uo ETriaqc; aqpEia ttou 
B piOKOVTai cnrqv 181a 5 i£u 0 uvaq SiaSoaqc; at 
0£O£ic; 8qAa8q X],x 2 ttou (xttexouv koto «x 2 — x t », 
Oa layun y£viKa 

f(x 2 ,t) = f (x 1? t X2 ^ Xl ) 

H T£A£UTaia auTq oxtuq pac, « Atei » on q Tipq 
Tqv OTToia £x £I H TaAavToupEvq TroooTqTa f(x,t) 
evos oqpEiou (x 0 ) 0£ pia opiopEvq xpovixq onypq 
(t) OUpTTITTTEI p£ TqV Tipq TTOU f/yf q TaAaVTOUpE- 
vq TTOOOTqTa £vo<; aAAou oqpEiou (x0 rrpiv arrc 
Xpovo (X 2 “X])/C. 




t^iocooq KupaToc;. TEviKEuoq 

Zto oxqpaTa ttou Trapa0£Toup£ TTapioTavETai q 8ia8ooq piac; KupanKqt; SiaTapa- 
XqS/ p£aa airo Eva axoivf. Hu va ettituxoupe pia yEviKEuaq aq uttoQeooupe oti q 
Kivqaq kqOe oqpEiou 6ev Trapouoia^Ei TTEpioSiKOTqTa. KaGeva otto to oxqpaTa 

H U 



t - ft 



K 




d = x 2 ~ x-f » c Oi-ti) 
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TTapicrravei eva otiyijiotutto Tqs 6 ia 6 ooqs Kai avacpepETai ae pia xpoviKq OTiypq. 

YTTO 0 £TOupe oti pia ouvapTqaq f(x,t) pas TTEpiypacpEi Tq SiaSoaq Tqs SiaTapaxqs- 
As evTOTTiooupe Tqv TTpoooxq pas ° £ §uo SiacpopETiKa oTiypiOTUTra to TtrapTo koi to 
TTE pTTTO. Koto Tq xpoviKq cmypq t 2 q SiaTapaxq BpioKETai OTq 0 Eaq x 2 , ottote q Tipq 
Tqs ouvapTqaqs 0 a Eivai f(x 2 ,t 2 ). "Eva opa>s Trapopoio yEyovos — pia TTapopoia 
SiaTapaxq too okoiviou — eixe oup 6 d a£ pia aAAq TTEpioxq (xj) too okoiviou Trpiv otto 
t 2 ~t\ Kai 01 Tip£s ttou Trpoa 8 iopi£ouv ti<; 6 uo 0 eoeis (xx,x 2 ) koi tis ovtiotoixes anyp£s 
(t 1 ? t 2 ) ouv 8 e ovtoi peTqv E^focooq x 2 -x 1 =c(t 2 -t 1 ) crrqv ottoio q «c» TTapicrravEi Tqv 
Tax^TqTa 5 ia 6 oaqs Tqs SiaTapaxqs* Muopoupe Aoittov va iaxupiOToup£ oti av 
x 2 -x 1 =c(t 2 -t 1 ) 0 a Eivai kqi f(x 2 ,t 2 ) =f(x^ ,t L ) q 



f(X 2 ,t 2 ) = f(x 1 ,t ~ c ~ Cl ) H KQI y^VlKCOTEpa. 

H ouvapTqaq f(x,t) pas TTEpiypacpEi kottoio yeyovos- Oi TTapaTrava) oxeoeis pas 
Aeve oti to ysyovos auTo p£ to KuAqpa tou xpovoa «avaTTapdy£Tai» at Sidcpopcs 
TT£pio\£S tou \8>pou ttou BpfaKovTai aTqv KaT£u0uvoq SiaSoaqs too KupaTOS- I' 
auTo aKpiBcos to oqpeio SpioKETat Kai q Siacpopa tou KupaTiKou cpaivopcvou otto to 
cpaivopEvo Tq^ TaAavTcoaqs oto ottoio eva ouyKEKpipEvo yEyovos, P £ TO KuAqpa tou 
Xpovou, «avaTTapdy£Tai» crrqv iSia TT£pio\q tou x<*>pou. Oi TrapaTTavco oxeoeis pas 
Aeve ETTiaqs oti to yeyovos «Ta^iS£UEi» rrpos opiopcvq KaT£u0uvoq p£ TayuTqTa 
SiaSooqs ioq Trpos «c*. 



TO GTpoBoOKOTTIO 



To OTpoBoOKOTTlO pat; ETTITpETTEI VO TTapOTqpOUpE TO yEyOVOTO pe pU0po6^ SlktCpOpETIKOUS 

otto outouc; p£ touc; ottoiouc; e^eAiggovtoi. Mac; ettitpettei yia TTapaSEiypa va rraparripoupE Tq 
8ia8ooq evoc; KupaToc; Tqv ottoio 8ev 0a rrpoAa6aivap£ pe to pan va TrapaKoAou0qaoup£. 

H p£0o6oc; TTpOKaAsi mo apyq rrapouoiaoq too yEyovoToc; Kcm oav to apyo yupiopa piac; 
KivqpaToypacpiKqc; Taivias- 

Ac; cpavTaoToupE sva Aeuko 8ioko ttou oTpEcpErai p£ auxvoTqTa v^p^OHz apa koi TTEpioSo 
T nep =l/20 s Kai o' Eva oqpEio tou exei pia piKpq 
paupq KqAiSa. Aoya) tou otttikou prraiaOqpa- 
to^ to av0pcoTTivo pan avnAap6av£Tai Tqv 
Tpoxiot Tq<; KqAfSas oav evav TrAqpq kukAo. As 
8oup£ ti 0a oup6d av p£oa o' Eva okoteivo 
Soopano ETTixeipqooupE va cpcoTi^oupE to 8ioko 
p£ TTepioSiKES avaAapTT£<; ouxvoTqTas v a =19,9 
Hz Kai TTEploSoU T a =1/19,9 S. 0£COpOUp£ co^ 
apxn toov xpovcov pia OTiypq koto Tqv ottoio SqpioupyeiTai pia — 0£copoupevq cot; «TTpcoTq» — 
avaAapTrq. O Siokos cpcoTi^ETai Kai avTiAapGavopaoTE Tqv KqAfSa oe pia opiopEvq 0£oq. iTq 
XpoviKq SiapKEia T a ttou ETTaKoAou0£i pEXP 1 Tr l v £TTdp£vq avaAapTTq q KqAi8a 0a exei OTpacpEi 
KaTa ycovia 




T a 200 

9 = U>7repTa = 2TT =2TT 

’ TTEO 



=2tt+ 



2tt 



199 



199 
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0a tx £l 6qAa8q Siaypaipti pia TTAqpq TTEpiaTpocpq Kai 0a £\£i aKopq prraTcrmaTd Kara 2 tt /199 
aKTi'via, TTEpiTrou 8qAa5q 1,8 pofpEc;. Auto oqpaivEi oti k60e cpopa ttou 0a cpcon^ETai, Ka0e 
cpopa 8qAa6q ttou 0a cpaivETai, 0a pETaTOTri^ETai ycoviaKa Kara 2 tt /199 aKTivia koto Tq cpopa 
Tq^ TTpaypaTiKq^ TTEpiOTpocpqt;. 0a pa<; cpaivETai p' aAAa Aoyia oti TTEpiaTpEcpETai ttoAu apya 
aiT oti crrqv TrpaypaTiKOTqTa. H 
cpaivopEviKq ycoviaKq Ta^UTqTa 
0a Ei'vai 00^=2^/19910 Kai q avn- 
OToixq ouxvoTqTa v< p =(o (P / 2 tt= 0,1 
Hz ioq ouvettcoc; p£ Tq 5iacpopa 
tcov ouxvoTqTCOV p — v a . Eivai 
£TTioq<; x a P aKT qp |OTIK o O' 1 " 1 av q 
ouxvoTqTa tcov avaAapmbv ou- 

pTTITTTEI p£ Tq OUXVOTqTO Tqc; TTEpl- 

OTpocpq^, q KqA(8a cpaivETai oki- 
vqTq av q ouxvoTqTa tcov avaAa- 
pTTCOV Eivai OKEpaiO UTTOTTOAAa- 
TrAaoio Tq^ ouxvoTqTa^ TTEpiaTpocpqc; yian tote T„=k-T nfp . 

Koto avaAoyo TpoiTo piTopoupE va TTapaKoAouOqaoupE Tqv aicbpqoq evoc; EKpepouc;, Tq 
ypqyopq Kivqoq evoc; TaAavTarrq, Tqv E^eAi^q evo^ KupaToc; aAAa Kai va uTToAoyi^oupE tic; 
TTpaypaTiKEt; ouxvoTqTEc;. 

Evvoiec; ttou TTEpiypacpouv Ta KupaTa 

To Kupa ttou peAeTqaape to x a P aKTr IP' aa l J£ °°S ypappiKO £TT£i 6 r| q 
8 ia 8 ooq tou yivoTav Kara pia povo 8 i£u 0 uvoq. Eva Kupa dvai BeBaia 
Suvotov va Sia 8 iS£Tai Kai oe pia opiopevq ETTicpaveia, ottcdc; eivai to Kupa 
ttou SqpioupyeiTai oTqv ETTicpaveia tou vepou, ottot£ x«paxTqpi^£Tai ooc; 
£TTi(pav£iaKO. Av teAo<; q 8 ia 8 ooq tou yiveTai Kara tic; Tpeic; \(x>p\KZ^ 
SiaoTaaeic;, to Kupa xapaKTqpi^rrai coc; Kupa xa>pou. Ta qxqTiKa KupaTa 





«H Aipvq tou k ukvou» . H Kivqoq tou kukvou Sqpioupyei biaTapaxq ttou Sia&iSeTai oe KupaTa ttovco OTqv 
ETTicpaveia tou vepou, 



386 Ta Kuporra 



uou 5ia5i6ovTai gtov aepa ouoteAouv tv a x^paKTqpioTiKO TTapa6£iypa 
KupaTOc; x^P 0 ^- 

Ha va uepiypaipoupE Tr| 5ia5o aq tgov Kuporroov £uioipaT£uoup£ Kai 
opiap£V£c; aKopq y£cop£TpiK£c; evvoiec;. Ac; 0£topqaoup£ yia uapaSaypa £va 
Kupa x8)pou ttou £KTrop£U£Tai otto ti<; toAovtcjoeic; piac; ouyKEKpipEvqc; 
uqyqc;. l£ Kauoia opiopEvq xpo v,K n OT _ iy|jr| / to auvoAo tcdv aqpdcov too 
p£Oou crra ouoia £x&i cpTao£i r| SiaTapaxq, 8iaxcopi^£Tai otto to ouvoAo tcov 
uttoAoittcov aqpdcov p£ pia £uicpav£ia. H EuicpavEia auTq AryETai prranro 
KUpaTO^. 

I' £va Kupa x&pov uuapxouv aqpda too p£oou SiaSooqc; to ouoia exouv 
o£ Ka0£ xpoviKq OTiypq Tqv iSia aupuEpicpopa. Efvai aqpda to ouoia 
(oupcpcova p£ oaa duapd BpioKovTai SiapKcbc; o£ oupcpoovfa cpaoqc;. Ka0£ 
£uicpav£ia Ta aqpda Tq<; ouofac; BpioKovTai a£ aupcpcovia cpaoqs xapaKTqpi- 
£rrai laocpaoiKiy Mia £U0da Ka0£Tq o' tva aqpdo laocpaoiKqc; EuicpavEiac; 
auoTcAd Tq A£yop£vq KupaTiKq aKTiva q ouoia OTqv UEpiUTCoaq tou qx°u 
0a xapaKTqpi^ETai qxn TIK H £VCJ ^ orqv uEpnrrcoaq tou cparroc; 0a xapaKTqpf- 
^£Tai cparmvq. 

Av q uqyq tou KupaTO<; dvai aqpEiaKq Kai to p£00 5ia5ooq<; KupaTiKa 
opoycvd; oi laocpaaiKEc; £uicpdv£i£c; 0a dvai acpaipiicd; euicpav£i£<; p£ KEVTpo 
to aqpdo-uqyq. H auoaTaaq 5uo 5ia5oxiKcov laocpaoiKtov £Uicpav£icov 
p£Tpoup£vq koto Tq 8i£u0uvaq Tqc; KupaTiKqc; aKTivac; dvai iaq p£ to pqicoc; 
KupaTo<;. H «£$ooT£piKq» loocpaaiKq £uicpav£ia ouoteAei to ptTunro KupaTOc;. 




O Tra^poypacpot; KorraypacpEi oti oti^ S6o Trepiox£S ttou BpfaKovTai ra piKpocpcova urrapxei avTi'Searj cpaoq^, 
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KupaTa sAaoTiKOTqTac; Kai qAeKTpopayvq- 
TiKa KupaTa 

VTTapxti pia p£yaAq ttoikiAio aqporraw ttou p£Tacp£povTai p£ popcpq 
KupaTOc;. Avap£oa touc; puopoupE va 8iaKpivoup£ 8uo BaoiKEc; KaTqyopte^. 
iTqv Trpdrrq avqicouv KupaTa, ottooc; Ta qxqTiKa, H SiaSoaq toov ottoicov 
ax£ ti^etoi p£ tic; eAootikec; i8iOTqT£c; Tqc; uAqc;. Ta x a P aKTr lP^ ou M e 
KupaTa EAaaTiKOTqTa^. 'Eva otto Ta Kupia x^paKTqpiaTiKa roue; dvai oti 
8ev 5ia8(8ovTai oto k£vo. XTq 8£uT£pq avqKouv to qAEKTpopayvqTiKa 
KupaTa a^a ottoio q8q avacp£p0q«ap£. To epooc;, 01 uTT£pu0p£<; oktivec;, oi 
UTT£ picb8£i^ oktivec;, oi oktivec; Rontgen (PaivTyKEv), Ta paSiocpooviKa KupaTa 
ottoteAouv opiopsvEcj popepd; tetoioov aqpcrrtDv. H 8iaSoaq touc; yivETai p£ 
KppaTa qAEKTpopayvqTiKa Ta ottoio 8io8i8ovtoi aKopa Kai oto kevo. 



o nxos 



povaxa Aiyes crrepvEc;, cxSeiec; ki auTEq, 

TTOU HXOU y KOI TTOU TICJ TTpOCIKUVapE. 

'Hxo^ aTEKapEvo^ Koucpio^, 1610$ p£ tp| pova^ia pas- 

Ticopyoc; lecpEprn; 

Oi qxoi TTapayovTai tooo oto peyaAo Epyaarqpio xraApiKoov KivqaEoov jr \<; cpuaq<; 600 Kai ara 
TToiKtAa qx°Y° va acbpaTa ttou ex £I SqpioupyqoEi H otvBpcbmvq TEyviKq. Eyouv opoot; 0A01 tou<; 
pia Koivq TTpoeAeuaq Tqv orroia pTTopouv va avayvoopi^ouv oi cpuoiKOi. O TTacpAaop6<; tou 
KupaTot^ to KeAapuopa tou vEpou, q 6oq tou KaTappaKTq to Gpoiapa toov cpuAAcov, q peyaAq 
rroiKiAfa cpoovcov toov £oooov, ra ottoio BeAa^ouv, viaoupi'^ouv, ya6yi£ouv, GpuxcovTai, Koa^ouv, 
XAipivTpi^ouv, ypuAi^ouv, KeAaqSouv, aAAa Kai oi cpoov£<; toov avGpobmov ttou ipiGupi^ouv, 
auvopiAouv, TpayouSouv, ipaAAouv, yeAcive, vavoupi^ouv Ta TTaiEia touc;, ^qTcoKpauya^ouv q 
cpoovaaKouv, TTapayovTai crro «£pyaaTqpi» Tqc; cpuoqc; p£ touc; Tporrouc; ttou TrapayovTai Kai 01 
TEXvqTOi qxoi otto Tq AEiToupyia toov pqxavtov, to acpupiypaTa toov Tpaivoov q tic; E^aTpfoeic; 
toov auTOKivqTcov ottooc; Kai 01 pouoiKoi qxoi ttou TTpoEpxovxai otto to SiaTTaoobv, Tqv KiGapa, 
to EKKAqoiaaTiKo opyavo, to opTroe, to pttou^ouki to oavTOupt q Ta vTpapc;. 

EuKoAa pTTopoupE va avayvcopiooupE tov «koivo TrapavopaoTq» oAoov toov TrEpiTmooEtov koi 
va UTTooTqpif;oup£ oti o qyos TrapayETai otto ti^ pqxaviKE<; toAovtcooek; — site TTEpioSiKE^ eite 
pq TTEploblKE^ £VO^ OUyKEKpipEVOU OOOpOfTOt; 

iTq y£viK£uaq Tq<; £vvoia<; raAavrcooq £XOup£ q8q avacp£p0£i. To qxoyovo 
Aoittov acopa pTrop£i va £ivai £va OTEpeo acopa opiop£vq<; EAaoTiKOTqTa^, to 
ottoio ekteAei pia auyK£Kpip£vq nraApiKq Kivqoq, ottox; oup6aiv£i p£ tic; 
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cptovqnKd; x°P^£S Ta)V avOpcomov q pe tic; p£p6pav£c; tgov qAEKTpopayvqn- 
kcov peyacpcovcov. MiTopd opooc; va dvai pia aepia oxqAq crrqv OTTOia tx £i 
8qpioupyq0d xaAavroooq oraaipou KupaToc;* Kai Trapouoia^£i TT£pio8iK£c; 
peTaBoAd; Tqc; TTiEaqc;. Kan avaAoyo aupBaivci p£ touc; nX ou S Trou Trapayci 
£va KAapivo q £va aa^ocpcovo. 

AidSoaq. Oi OTroiaaSqTTOTE cpuoqc; auTd; peTaBoAd; pETacpcpovTai crrov 
TT£pi6aAAovTa a£pa p£ Tq popcpq SiaprjKcov KupaTcov, to ottoio auvicrravTai 
OTq 8ia8oaq TT£pio8iK<i>v* p£Ta6oAd)v Tqc; TTicoqc; Kai Tqc; TTUKvoTqrac; tou. 

H xaxuTqTa 8ia8ooqc; tou qx°u otov a£pa dvai avd;apTqTq otto xqv 
TTicoq tou Ot£pa, c^apraTai opooc; otto Tq 0£ppoKpaoia tou. H d^'aoooq 
c=C()VT+a0 TTEpiypacpci auTq aKpiBooc; Tqv d^apTqoq. To «c 0 » TrapiaravEi xqv 
TaxuTqTa tou qxou G£ a£pa 0£ppoKpaoiac; 0°C, q ottoio dvai ttepittou foq p£ 
331 m/s. To «a» TTapiOTdvci to ouvT£A£OTq V273 grad -1 tov ottoio ouvavTCxp£ 
Kai otic; ox£tik£<; d^iocboEic; SiaoToAqc; tcjov iSovikgov aepioov. 

Ito uypa o qx°S Sia8i8£Tai p£ peyaAuTcpq TaxuTqTa. l£ vepo Aoyou xotpiv 
0°C q TaxuTqTa tou qx ou 90ov£i Ta 1440 m/s. Ito OTEpra acopaTa q 
TaxuTqTa tou qx ou £'vai aKopa p£yaAur£pq. Ito xocAko dvai TT£prnrou 3500 
m/s, £vco oto oiSqpo ttovoo airo 5000 m/s. 

Kara tov 17o aicova, otov 01 dv0parrroi KaracpEpav va 8qpioupyqoouv 
Ktvo, SiaTrioToooav, oti, evoo to tpooc; 5ia8i8£Tai oto kevo, o qx oc ? 
8ia8i8£Tai oto kevo. Kara tic; teAeutoiec; 8£Ka£Ti£c; tou aicova pac;, ttou 01 
dv0pcjOTToi TTETuxav va aTTopaKpuv0ouv otto Tq yrpvq aTpootpaipa, BeBaico- 
0qKav yia koti to ottoio dxav q8q UTTOipiaoTd. 'Oti o 8iaoTqpiKoc; xcdpoc; 
£ivai evac; Koopoc; airoAuTqc; oicoTrqc;. 



* XTqv evvoia auTq 0 a ava9Ep0ou|jE ae ETTopEvq EvoTqTa 
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Avi'xvcuoi]. H avi'xvEUoq tcov qxqTiKcov outcov Kupdrrcov yfvETai )j£ ocbpaTa- 
Sektec; Ta OTroia ouvqGcoc; uTroBaAAovTai a£ E^avayKaopEvq TaAavTcooq. 
Tetoioi Sektec; £ivai Aoyou xdpiv ra TupTTava tcov avGpcoTrivcov auncbv Kai 01 
p£p6pav£<;, tic; ottoiec; 6iaG£TOuv Ta Siacpopa piKpocpcova. Iuv5£OVTa<; 
KaTaAAqAa to piKpocpcovo p£ TraApoypacpo piropoupE va ExoupE Kai pia 
ElKOVa-OTiypiOTUTTO TOO qXqTIKOU KUpaTO^ TTOU aVlXV£UOUp£. 

Av q TaAavTcooq tou qxoyovou ocopaTO^ Eivai appoviKq, to qxqTiKo Kupa 
Ga Eivai £va appoviKo Kupa Kai o qx°S 9° X a P aKT nP'^ Tai cmrAos- Mia 
iKavoiTOiqTiKq TTpooEyyioq 
aTrAou qxou TTapayETai p£ 
to SiaTraocov. Av q TaAa- 
vTcoaq Tqc; Trqyqc; 5 ev Eivai 
appoviKq aAAa Trapouoia- 
ZjL\ TT£pio5lKOTqTa, £X£i Sq- 
Aa6q pia opiopEvq ouxv 6- 
TqTa, o qx°S AsyETai auv- 

0£TO^. 

Yipo<; £vo$ nxou. H ouxvoTqTa evoc; qxou ouvSeetoi p£ to uttokeipeviko 
yvcbpiopa tou ucpouc;, to yvcopiopa 5qAa5q 6ao£i tou ottoiou SiaKpivoupE 
£vav o^UTEpo (ipqAoTEpo) qxo otto Eva GapuTEpo (xapqAoTEpo). To uttokeipe- 
viko, p' aAAa Aoyia, otoix^io, oupcpcova p£ to ottoio loxupi^opaoTE, oti o 
«aAcpa» qx°S dvai ttio o£ju<; otto tov «6qTa», ovtiotoi oe Eva avTiKEipEviKO 
otoix^io, oupcpcova p£ to ottoio q qxqTiKq Trqyq tou «aAcpa» Epcpavi^Ei 
pEyaAuTEpo apiGpo TTaApcbv ava SeutepoAettto oe ox^oq p£ Tqv qxqTiKq 
irqyq, ttou SqpioupyEi tov qxo «6qTa», TTapouoia^Ei 5qAa5q pEyaAuTEpq 





Xto axnpa TTapioTavovTai 01 Trepioxt-S okoucftcov ouxvoTqTcov opropTvaw £d)a)v. Oi np£c; ouxvOTrjTas £ivai oe 
kHz 
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ouxvoTnra. To av0pd)Tiivo airri pTropef xai avr,Aap6avera. nvouc ouYvorn- 
tqs peyaAuTep ns tmv 20 Hz kqi pixpoTEpr^ tcov. 20.000 Hz. Ta KupaTa ue 
auxvoTr)Ta piKpoTEpp tcov 20 Hz ovtigtoixouv oTouq AeyopEvoix; cmonxouc, 

evco to KupaTa p £ ouxvoTqTa p£yaAuT£ Pn tcov 20.000 Hz, otous AsyopEvouc 
mT£pr|)(ou<;. 

AKouaTOTqTa £vo$ qxou. Eva axopa UTToxsipEvixo yvcopiapa xdGs nyou 
£ivai n OKouaTOTHTa, to yvcopiapa SpAaSn tt ou pa S ettit P ett£i va xaTaraa- 
ooupE tous nxous oe loxupous, AiyoTEpo laxupous, axopa AiyoTspo 
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Suvorrouc; k.A.tt. To avTiKEipEviKO ovtiotoixo rqc; aKouGTOTqTac; ox£T(^£Tai 
Kai |j£ t q auxvoTr)Ta, aAAa Kai |j£ Tqv ava povaSa xpovou Kai ava povaSa 
£TTicpav£ia<; £V£py£ia ttou pETacpcpETai otto Ta qxqTiKa KupaTa. To SEUTEpo 
auTO avn kei p£vi ko p£y£0oc; AEyETai EVTaaq tou qxqTiKOu Kuporroc; pETpiETai 
cpuoiKa o£ W/m 2 q W/cm 2 Kai ottcdoStittote axETi^ETai p£ to ttAoto^ 
TaAavTcooqc; Tqc; qxn T,K nS ^HYn^ da 8oap£vq ouxvoTqTa q avTiKEipcviKq 
au^qoq Tqc; EVTaaqc, TTpoKaAd au^qoq Tqc; aKOUOTOTqTac;. Tia Tq pdrpqoq 
Tqc; QKOUOTOTqTa^ xPn oi P OTOI£ ' Ta i 1 xAipaKa rcov decibel (vtcoi^tteA). 

H xpoia. Itouc; guv 0 etouc; qxouc; ornoSiSoupE ki £va aKopa uttokeipeviko 
yvcopiapa, «ttoiotikou» xapaKTqpob to ottoio AcyETai xpoia* O avOpcoTTOc; 
£X£i Tq SuvorroTqTa va SiaKpfvEi p£Ta^u Touq Suo qx ou S Trap' oAo ttou exouv 
to 1810 uipoc; Kai Tqv i 5 ia aKouaTOTqTa. Auo e^ioou laxupof Kai e^ioou o$ei<; 
qxoi, TTpo£pxop£voi opcoc; o Evac; otto ttiovo ki o aAAoc; otto 610A1, exouv 
SiacpopETiKq xpo'^* 

fia va KaTavoqooupE to «avTiK£ip£viKO» avTiorroixo tou uTrokEipeviKOu 




auTou yvcopfapaTOc; aTraiTEiTai va ettikoAeotoupe Tqv avaAuaq Fourier 
(Ooupic). lupcpcova pc 00 a ExoupE avacpepci ox£ti koi, pTropoupE Tcopa va 
UTTOOTqpf^oupE, oti Ka0£ ouv0etoc; qxo<; OUXVOTqTO^ V Eivai SuvaTOV va 
0Ecopq0£i, oti Trpo£px£Tai otto EnaAAqAfa auAcov qx^ov p£ ouxvoTqTEc; v, 2v, 
3v, 4v...kv, aKEpaia 6qAa8q TroAAaTTAaaia Tqc; ovyyorr[rac; v. Atto outouc; o 
anAoc; qx oc > H £ Tr l pixpoTEpq ouxvoTqTa AcyETai 0£p£Aicb5q<; q TTpdmx; 
appoviKoc;, o aTrAoc; qx°S P £ Tr l SiTrAaaia ouxvoTqTa (2v) AeyETai ScuTEpo^ 
appoviKoc;, o ottAoc; qx°S M £ Tqv TpiTrAaoia ouxvoTqTa Tpmx; appoviKoc; 
k.o.k. Ka0£ appoviKoc; x a P aKT qP'^ Tai (a) cxtto Tq ouxvoTqTa tou, aAAa Kai 
(8) otto to ttAcxtoc; tou. 

O Helmholtz (XeApxoAtc;) qTav o Trparroc; ttou ttetuxe — Kara Ta peoa tou 
TTE paopEvou aitbva — va ottoSei^i, oti to uttokeipeviko yvcopiapa «xpoia» 
oxeti^etoi p£ Tqv TTapouaia tcov avarrEpac; ra^qc; appoviKcov (Seutepo, 
TpiTo, TETapTo...), oi OTTOioi oupTTapayovTai p£ to ©EpcAicbSq. Otov 8 uo 
qxoyova TTapayouv 5 uo e^ioou Suvotouc; Kai laouipEi^ aAAa « 8 iacpop£Ti- 
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nX°S a fr 6 TTiavo 
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qX°S aTT o 610 X 1 




AvaAuor) 5 uo nx(*>v tou i' 6 iou LHpout; Kai rr\t; i' 8 ia<; aKouoTOTqTac;. O Evas TTpOEpxeTai otto 810 A 1 koi o aAAos 
otto TTiavo. Ito axnpcrra Tqs ScuTepqc; oEipac; TTapiOTavovTai 01 auxvOTqTES (440 Hz, 2-440 Hz, 3-440 Hz, **-) 
Kai to TTAaTr) tcov appoviKcbv. 



kouc;» nx°us, «uto oqpaivei oti (p£ E^aipEoq to 0 Ep£Aicb 6 q) 01 appoviKO! ttou 
T rapayovTai Eivai Suvotov va 6 iacp£pouv (i) koto to TTAq 0 o<; (ii) Korra Tqv 
Ta^q kqi (iii) Kara to ttAotoc; (Evraoq). 



KAapivETTO (pAaoirro 

AvTicrrpEcpovrac; to £qTqpa piropoupE va TToupE oti 6uo e£ foou Suvarai 
ioouip£i<; qx°i, ^ktoc; otto to oti EpTTEpiExouv Trapopoiouc; 0 £p£Aid) 8 Ei<;, 
5 io 0 etouv — Kai oi 8 uo — SsuTEpo appoviKO Tqc; f 8 ia<; Evraaqc;, Tprro 
appoviKO Tqc; (Siac; Evraaqc Kai auTo ioxuei yia oAouq Touq appoviKou<;. 

'Hxo^ Kai qAEKTpiKO ptupa. O qxoc; «p£TaTp£TT£Tai» oe qAEKTpiKo pEupa to 
ottoio poia^Ei p' auTov. Auto oupBalvEi oto piKpocpcovo evo<; TqAEcpobvou yia 
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TTapaSEiypa. ATTOTeAeiTai otto 5uo povcop£V£<; TrAaKEc; av0paKa, pETa^u tcov 
OTTOICOV UTTapXOUV KOKKOI ETTiaqc; OTTO aV0paKa. To qAEKTpIKO «piKpOCpCOVI- 

ko» pcupa TT£pva£i otto Tr| pia TrAaKa aTr|v aAAq paxo tcov aycbyipcov 
kokkcov av0paKa. Ka0co<; piAap£ pTrpocrra crrr| pia TTAotKa, auTq rraAA£Tai 
Kai 01 kokkoi pETaKivouvTai, ottote p£Ta6aAA£Tai r| qAEKTpiKq avTioTaaq too 
kukAcopotoc;, p£ auv£TT£ia va 5qpioupyouvTai SiaKupavaEic, iqc; EVTaaqc; tou 
piKpocpcoviKou pEupaToc;. H popcpq tcov p£upaTiKcbv auTcbv 8iaKupava£cov 
avTiOTOix^i crrq popcpq tcov qx<*>v ttou cpOavouv crrqv TTpcbTq TrAaKa 
av0paKa. 

O nx°S yiverai eiKova. ZuvSua^ovTac; (a) Tq SuvaTOTqTa tou piKpocpcbvou 
va 5qpioupyd p£upaTiK£c; apa Kai tooikec; SiaKupavaEic;, ttou exouv Tq 
popcpq Tqc; nxn T1K nS Kupavoqs, p£ (6) Tq 6uvaTOTr|Ta tou TTaApoypacpou va 
aTr£iKOvf^£i tic; Taoi kecj 5iaKupava£ic; oTr|v o0ovq tou, KaTacp£pvoup£ va 
# £XOup£ pia £iKOva tou qxqTiKOu xupaToc;. 

MiTopoupE yia TTapa5£iypa ouvSeovtoc; to piKpocpcovo p£ tov TraApoypa- 
cpo va avayvcopiooup£ Tqv EiKova Tq<; appoviKqc; KapTTuAqc; ttou avTiOTOixd 
otov qxo evoc; Siairaocov. 

To qAsKTpiKo pcupa p£TGTp£TT£Tai o£ t\\o o ottoio^ poia^ci |ie auTO. 

Tetoiou £i5ouc; pETaTpoTrcc; TTpaypaTOTToiouvTai aTa okouqti K a tcov t^Ae- 
cpcbvcov Kai OTa qAEKTpopayvqTiKa pEyacpcova. To pEyacpcovo aTTOTEAciTai 
otto £va laxupo qAcKTpopayvqTq Kai otto £va EUKivqTo cAaapa paAaKOU 
oiSqpou to otto i o 6piOK£Tai p£Ta£u tcov ttoAcov tou. Tupco otto Tq 6aoq tou 
EA aopaToc; UTTapx^i Trqvio to ottoio TpocpoSoTEiTai p£ p£Ta6aAAop£vo 
qA£KTpiKo pEupa, to ottoio TTiOavov va exei 5qpioupyq0£i airo cva piKpocpco- 
vo. Oi SiaKupavoEic; tou qAcKTpiKOu pcupaToc; avayKa^ouv to EAaopa va 
TraAArrai Kai pa^f tou va TraAArrai pia pcpSpavq q oiroia Aoyco tou 
p£y£0ouc; Tqc; TrapayEi qxo pEyaAqc; EVTaoqc;. 

O nx°S KaTaypacpeTai koi avairapaytTai. Me to payv^Toeptovo pTTopoupE 
va KaTaypacpoupc tov qxo oe payvqTiKq Taivia Kai uoTEpa va tov 
avaTTapayoupE. 

O qxoc; pETOTpETTETai OE qAEKTpiKO pcupa p£ TO piKpocpcovo. To pcupa 
EviaxoETai Kai KUKAocpopci oe Eva TTqvio p£ 6aKTuAio£i5q oiScpEvio Trupqva o 
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OTTOIOCJ £X £I M ia AeTTTq £yKOTTr] . To TTOpoyopEVO payvr|TlK6TT£6lO TT£piOpi^£Tai 
peoa gto pdraAAo ekto<; otto Tqv TTEpioxq T HS £yi<OTrqc; ottou oi 8uvapiKEc; 
ypappd; tou £^aTTAd)vovTai gtov apEoa yeitovixo X°^P° otov ottoio 6pfox£- 
toi Kai q poyvqTixq Taivia. H Taivia Eivai otto ttAootiko xaAuppEvo p£ AETirq 
ETrioTpcooq oiSqpopayvqTixou uAikou ouvq0co<; o^eiSiou oi8qpou q xp^piou. 
Ka0co<; xiveJtoi, payvqTi^ETai xaTaypacpovTa^Tic; peto6oAe<;tou payvqTixou 
tteSiou ttou avnGToixouv gto oqpa. 

Kara Tqv avTiOTpocpq AEiToupyia Tqc; avaTrapaycoyqs q Taivia xiveitoi 
£ cpaTTTop£vq G£ Eva aAAo Trqvfo opoio p£ to TTpcoTO. Aoyco Tq^ xivqoqc; TqCJ 
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Taivia^, oi petoBoAec; tou payvqTiKou tteSiou ETrayouv qAEXTpixd; tooeic; Kai 
p£upaTa otic; oiTEipEc; tou Trqviou, to ottoio EvioxuovTai koi petotpettovtoi 
ttoAi o£ qxo otto to pEyacpcovo. 

BArnoupe Aoittov oti q TTpaypaTOTroiqoq tou kukAou «qxoc;-pEupa- 
payvqTiKO TT£Sio-p£upa-qxos» ottoteAei pia axopa Ecpappoyq tcov 8uo 
B aoixcbv qAEKTpopayvqTiKcbv cpaivopEvcov, tcov payvqTixcov 8qAa8q ottote- 
AEopaTcov tou pEupaToc; koi touc; cpaivopEvou Tqc; qAEXTpopayvqTixqc; 
ETraycoyqc;. 



YTToqx 01 

Ouoikec; TrqyE^ uiToqxcov Eivai opiopEva pETEcopoAoyixa cpaivopEva, ottcoc; 
oi kukAcovec; koi oi GEiopoi. TsxvqTE^ TrqyEc; Eivai oi SovqoEic; tcov Siacpopcov 
pqxovcov. Oi UTroqxoi 8 ev SiEyEipouv Tqv afo0qoq Tq<; av0pcoTnvq<; axoqc;, 
yiVOVTOI OpCO^ OVTlAqTTTOI otto to VEupa tou 8£ppOTO<5 TrpoKaAcbvTa^ 
ouvq0coc; Eva aopiOTO afo0qpa avqouxiac; koi EAacppq^ voutio^. H paxpo- 
Xpovq opcot; Ex0£oq oe u'noqxou^ pnopEi va TTpoxaAEOEi 6 Ao6e<; crrqv uyEi'a 
xaOcoc; koi ^qpiEc; oe XTipia q oe pqxavixd; kotookeu^. Auotuxco^ q tetoiou 
eiSou<; axouoTixq poAuvoq ottoteAei axopa evo oAuto TTpoBAqpa, yiaTi oi 
UTroqxoi 8 ev e£oo0eviZ;ouv ttepvcovto<; p£oa otto to ouvq0q qxopovcoTixa 
uAixa. 
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YTTEpqxoi 

Oi uTTEpqxoi TrapayovTai ki auroi tooo ora «EpyaoTqpia» Tqc; cpuaqc; 600 
Kai ora EpyaoTqpia ttou exouv bqpioupyqoEi oi av0payrroi. OpiopEva 
0aAaooia 0qAaaTiKa — ottcoc; to 6 eAq>fvi — Eivai TrpoiKiopEva p£ TTpoqypEva 
«cpoovr|TiKa» ouoTqpaTa ttou touc; ettitpettouv va ekttepttouv UTTEpqxouc;. 
Touc; xP r l ol l JOTTOIOl ^ v K0£l Y ,a va TTpoaovaToAi^ovTai aAAa Kai yia va 
evtotti^ouv Tr| 0qpa touc;. Ilapopoia KupaTa exouv Tr| buvaTOTqTa va 
£KTT£pTrouv Kai oi vuxTEpibEc;, aAAa Kai opiopsva EVTopa. Ito av0pcbmvo 
TEXvrjTO EpyaoTrjpio q TTapaycoyq uTTEpqxoov Baof^ETai oto cpaivopEvo Tqc; 
qAEKTpoouoToAqc;. 

To KupicjTEpo xopaKTqpiOTiKo auTcov tcov KupaToov Eivai oti biabibovTai 
p£ TpOTTO TTOU 0Upi^£l Tic; AeTTTEC; cpcOTEIVEt; bEOpECJ KOI pTTOpOUV Va 
EOTia^ovTai p£ Tq 6oq0£ia aKouaTiKcbv KaTOTrrpcov Kai tpaKcbv. KaT' auTO 
tov TpOTTO r| ouyKEVTpcopEvq EVEpyEia piac; UTTEpqxn TiK nS 5£opqc; pTTOpEi va 
XpqoipoTroiq0£i yia Ka0apiopo ETTicpavEicbv aTrooTEipcooq uypcbv Kai ettitoc- 
Xuvoq XHM ,K ^ V «vTibpao£cov. Mia aAAq ibioTqTa rrou x a P aKT nP^ £l touc; 
uTT£pqx ou S T'vai to oti biabibovTai 
EUKoAcbTEpa OTO VEpO TTapa otov a£- 
pa. H ibioTqTa auTq obqyqoE crrqv 
avaKaAuipq tou sonar (oovap) Tqc; 
ouoKEuqc; ttou pac; ETTETpEipE va avi- 
XVEuaoupE Kai va xapToypacpqooupE 
touc; ©aAaooiouc; 6u0ouc;. Atto Tqv 
ettoxh tcov apxaicov (Doivikcov oi ipa- 
pabsc; bqpioupyouaav evtovouc; 
qX 0£, S Kai baTEpa TTEpipEvav va cxkou- 
oouv Tqv qxcb touc; yia va EKTipqoouv 
aTTOOTaoEic; otto 6u0iop£va OTqv opi- 
XAq aKpooTqpia. iTqv ibia aKpiOobc; 

AoyiKq BaoiOTqKE Kai q avaKaAuipq 
Tq<; ouoKEuqc; sonar ora 1917 p£ Tq 
biacpopa oti q ouoKEuq auTq xpn 01 ^ 0 " 
ttoiouoe UTTEpqxauc;. To sonar ekttepttei UTTEpqxqTiKq bEGpq q oiroia 
avaKAcbpEvq oto 6u0o (q oe kottoio ovtikei'pevo ttou 0£Aoup£va avixveuoou- 

p£) ETTIOTpECpEI pETCt OTTO XP^VO TOV OTTOIO pTTOpOUpE p£ OKpi'BEia VO 
pErpqooupE. Xuvbua^ovTac; to xpbvo outo p£ Tq yvcooTq TaxuTqTa biabo- 
oqc; tcov Kupcrrtov oto v£po uTToAoyf^oupE Tq ^qTOupEvq aTrooTaoq. 

XqpavTiKEc; EcpappoyEc; ExoupE Kai oe ttoAAouc; TopEic; Tqc; laTpiKqc;. 
EoTiaopEVEc; oktivec; uTTEpqxqTi koov Kupcrrcov ttou biEiobuouv oto ocbpa koi 
avoiKAcovTai otto opiopEva EocoTEpiKa opyava bqpioupycbvTac; teAiko 2,covto- 
ve<^ qA£KTpoviK£<; eikovec; tcov opyavcov auTcov. KaTa Ta teAeutoio xpovia ex^i 
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£TriKpaTr|0£i q 8 iayvcooTiKq XPn or l umpqxcov Kai o£ EyKupovouo^ yuvaiKtc; 
TrpoK£ip£vou va yiv£Tai avayvcbpioq Tqc; TTopdac; Tqc; Kuqoqc;, aAAa koi 
UTT£ pqxoypacpqoq TOU £p 6 puou. 



EpT^iava KupoTO 

riaAAopevo qAeKTpiKO SittoAo 

Xp£ia^£Tai vd £TnoTp£ipoup£ oto KUKAcopa Thomson. E(8ap£ oti 01 
r|A£KTpopayvr|TiK£c; TaAavTcboEic; evoc; tetoiou KUKAcopaToc; piropouv va 
TrpoKaAiaouv £$avayKaop£V£c; qA£KTpopayvqTiK£c; TaAavTcboEic; o' £va ava- 
Aoyo yeiTOviKO KUKAcopa. Xupcpcova opcoq p£ oaa d8ap£ q Si£y£poq too 
5£UT£pou KUKAcopaToc; ocpdA£Tai povo crrqv £Tr[8paar| too payvqTiKou 
tt£6iou ttou SqpioupydTai yupco otto to Trpdyro KUKAcopa Kai auTO yiad to 
qAEKTpiKO TTxSlO p£V£l £VTOTriOp£VO p£Ta$U TCOV OTTAlOpCOV TOU TTUKVCOTq. 

Eivai opcoc; SuvaTo va mruxoupE Tq Sidyxpoq tou Seutepou KUKAcopaToc; 
kai p£ to qA£KTpiKO tt£8io tou TTpcoTou, apK£i Ta 8uo KUKAcopaTa va 
8iapopcpco0ouv KaraAAqAa. Ac; 8oup£ ti aKpiBcbc; £vvooup£ «KaTaAAqAq 
8iapopcpcoaq». va Troup£ upoKaTaGoAiKa oti q mxpGaoq pac; 0a 

8qpioupyqa£i Kai pia oqpavTiKq au^qoq Tqc; i8ioouxvoTqTac;. 

ripaiTq mxpBaaq: AvTiKa0iOToup£ to Trqvfo tou KUKAcopaToc; p' £va 
£u0uypappo aycoyo. Oi ouv£TT£i£c; Tqc; avTiKaTacrraaqc; dvai: 

i) va 8iaTqpq0ouv oi iSioTqTEc; tou KUKAcopaToc;. 

ii) va £AaTTGO0d q ETTayooyiKOTqTa apa Kai q i8ioTT£p[o8oc; tou KUKAcopa- 
Toc;. A<; pqv ^£xvap£ oti T=2ttVXC. 

AeuTtpq £TT£p6aoq: AiTopaKpuvoupE oiya-aiya tov £va 
OTrAiopo tou TTUKvcjOTq aiTO tov aAAo coote oi 8uo OTrAiapoi 
va 6p£0ouv otic; 8uo aKp£c; evoc; £u0uypapou aycoyou. Oi 
ouvetteiec; Tqc; airopaKpuvoqc; Eivai: 

i) va 8iaTqpq0ouv oi iSioTqTEc; tou KUKAcopaToc;. 

ii) va eAottcoOei aKopa TTEpioooTEpo q i8iOTT£pfoSo<; Aoyco 
Tqc; EAarrcooqc; Tqc; xtopn TIK< ^ Tr l Ta S Kai 

iii) to qA£KTpiKo tte8io va «aTTAcbv£Tai» TTia oto x<8po Kai 
va pqv iT£piopi^£Tai pETa^u tcov OTrAiopcov tou rruKvcoTq. 

Txoup£ 8qpioupyqo£i Eva avoiXTO KUKAcopa Thomson ttou 
aTTOT£A£iTai otto £va povo £U0uypappo aycoyo. l£ ouyKpioq 
p£ to «apxiKo» pa<; KUKAcopa to veo KUKAcopa Trapouoia^Ei 
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avapcpiBoAa piKpoTEpq i 8 ioTT£pio 8 o psyaAuTEpq 8 qAa 8 q i 8 ioouxvoTqTa, 
aAAa ekto^ tou payvqTiKOu tte 8 (ou tou Eicrdv^Tai oto x< 8 po Kai TO qAEKTpiKO 
tteSio. Av oto avoiKTo auTo KUKAoopa Sqpioupyq 0 £i apEiarrq qAEKTpopayvq- 
TiKf) TaAavTcooq, oto 8 uo aKpa tou Kai oe kcx 0 e oTiypq 0 a BpioKovTai 
avTi 0 £Ta r|A£KTpiKa cpopTia (+q, — q) 01 Tip£q tcov ottoicov 0 a p£Ta 6 aAAovTai 
p£ Tq ouxvoTryra Tqq TaAavTtooqq. AuToq Eivai Kai o Aoyoq yta tov ottoio to 
KUKA copa OTq popcpq tou auTq AsyETai Kai TraAAopcvo qAEKTpiKO SnroAo. 

O £u 0 uypappoq aycoyoq pnopd otic; 8 uo akpEq tou va KaTaAqyEi 
eA£u 0 £pa q va ex^i pikpd; ttAokec; q ocpafpEq. Xto p£ao tou piTopEi va ex^i £va 
oniv 0 qpiOTr|. 



flapayooyq qAsKTpopayvqTiKOU tteSiou 



Ka0cbq A£iTOupy£i q apEiarrq qAEKTpopayvqTikq TaAavTcooq, Ta avTi0£Ta 
qAEKTpiKa cpopTia H-q, -q ttou BpioKovTai oto aKpa tou SittoAou 8qpioup- 
youv p£Ta6aAAop£vo qAEKTpiKO tte 8 io. O aycoyoq 
Siapp£op£voq otto £vaAAaooop£vo pEupa Sqpioupyd yu- 
pa> tou p£Ta6aAAop£vo payvqTiKO tte 8 io. Togo to eva ooo 
Kai to aAAo tteSio pETaBaAAovTai TrEpioSiKa p£ Tq ouxvo- 
TqTa Tqq qAEKTpopayvqTiKqq TaAavTcooqq. Ka0obq E$a- 
O 0 £V 1^£1 TO qAEKTpiKO TT£ 8 lO EVIOXUETOl TO payvqTIKO KOI 

avTioTpocpa. 

Ta 8uo aura aAAqAEvSera tteSio ottoteAouv — ottox, 

£XOup£ iT£i — to qAEKTpopayvqTI KO tte 8 io. 





llopTToc; Kai SeKTqc; EpT^iavoov Kuporrcov 

Togo to qAEKTpiKO ooo Kai to payvqTiKO tt£8io Sia8f8ovrai oto x^po P £ 
TaxuTqTa foq TTpoq Tqv TaxuTqTa tou cpcoToq. Oi SuvapiKEq ypappd; 
ouvExebq aiTAcovovTai. Xe oqpeia ttou Bpiokovrai oe aTTooraoq psyaAq otto 
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to TraAA6(j£vo 8 ittoAo r| EVTaoq E tou qAEKTpiKou tteSiou koi q EVTaoq B tou 
( jayvqnKOU tte8iou Eivai kcxBetec; pETa^u tou<; aAAa Kai Ka 0 £T£<; OTq 
8i£u0uvaq 8iaSooq<;. 

H pETaBoAq tcov Tipcov rove; o' Eva 
aqpEio too x&pov 0 a Sivetoi otto 
£^ iocba£ic; Tqc; jjopcpq^ E=E 0 qpco-t Kai 
B=B 0 qpcot. lupcpcova p£ Tq yEviKEuaq 
ttou exoup£ SexOd, pTcopoupE va ttou- 
p£ oti q EVTaoq tou qAEKTpiKou tte8iou 
(ottcoc; Kai q EVTaoq tou payvqTiKOU 
tte8iou) ekteAei TaAavTcoaq q ottoio 
5 ia 8 ( 5 £Tai oro X^P 0 p£Tacp£povTac; 

TrAqpocpopia Kai EVEpyEia. PIpoKEiTai 
p' aAAa Aoyia yia Kupa to ottoio xapotKTqpi^oupE coq qAEKTpopayvqTtKo. 

Ta qAEKTpopayvqTiKa KupaTa ttou TTapayovTai otto KUKAcopaTa AsyovTai 
tpT^iavd*. H auyxpovq pa8ioTqAETriKoivcov[a xpqoipoTroi£i aura Ta KupaTa 
yia va pEraBiBa^Ei a£ p£yaAE<; aTToaraa£i<; TiAqpocpopia Kai EVEpyEia. 

0 TTOpTfOCJ CpT^iaVCOV KUpaTCOV aTTOTEAEITOI OTTO Eva KUKAcapa TaAaVTCO- 
gecov, oto ottoio Trapayovrai apEicoTEc; qAEKTpopayvqTiKEc; raAavTcba£i<; 
ttoAu pcyaAqc; ouxvoTqra<; Tqc; to^ecoc; 8qAaSq tcov MHz (pEyax^pT^). 
ilpoKEirai yia Tq A£yop£vq cpEpouaa auxvoTqra. 

To KUKAcopa ouv 5 ££Tai p£ Tqv KEpaia p£ Eva TTaAAop£vo — 8qAa8q— SittoAo 
oto ottoio TTapayovTai qAEKTpopayvqTiKEc; TaAavTCoaEic; Tqc; (8iac; o\jyyorr\- 
rac;. To Kupa ttou ekttepttei q KEpaia exei Tqv 181a pEyaAq Kai ara 0 £pq 
auyvoTqTa Kai AsyErai cpEpov Kupa. 

Ti yivETai opcoc; TTpoKEipEvou va p£Tacp£p 0 £i pEaco tou qAEKTpopayvqTiKou 
Kuparac; £va<; qxoc;, ottcoc; aup6aiv£i p£ Ta TpayouSia ttou aKOupE avoiyo- 
vtoc; Eva paSiocpcovo; 

01 qxoi Tqc; pouaiKqc; Kai Tqc; opiAiac; exouv auxvoTqT£<; pEpiKcbv kHz 
(kiAoxeptc;), auyvoTqTEc; 8qAa8q ttoAu «xapqA£c;» oe oxeoq p£ tic; cp£poua£<; 
auxvoTqTE^. 'Evac; tetoioc; qxoc; orav cp0av£i oto piKpocpcovo TTpOKaAEi ottcoc 
^EpOUpE pETaBoAEC; TOU piKpOCpGOVIKOU pEUpaTOC; p£ Tq OUXVOTqTa TTOU 
XapaKTqpi^Ei tov qxo auTo. Eia Tq pa8iocpcoviKq p£ra8oaq tcov rjxcov to 
KUKAcopa iou piKpocpcovou ouvSeetoi p£ KUKAcopa Thomson Kai 01 petoBoAec; 
tou piKpocpcoviKou pEuparac; upOKaAouv avTiOToixES PEtoBoAec; erro ttAotoc; 
tou cptpovTo^ Kuparac; p£ to pu6po Tq<; qxqTiicqc; uuxvoTqTa^. Tcopa q 
KEpaia EKTTEpTTEI EVa 8iapOp(p(Op£VO Kupa TO OTTOIO pETOCpEpEI Tie; X a P aKTr l" 
piomK£<; petoBoAec; ttou ttpokoAege o qx°S TOU piKpocpcovou. 




* H Ae£r| TrpoepxtTai aTTO to ovopa too Hertz. 
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'Etgi o Scktijc; KaTacptpvei 
va 8iaxcopiO£i otto to cpEpov 
Kupa Tqv TaAavTcooq q ouofa 
to 5iapopcpcoa£ koi va Tqv 
p£TaTp£lp£l G£ qA£KTplKO p£U- 
pa Tq(j i8ia$ popcpqc;. To p£u- 
pa auTO acpou £viaxu0£i Sia- 
6i6a^£Tai oto pEyacpcovo, 
ottou Kai avaTTapayerat o 

qx°s TTOU £IX£ 6'£y£[p£l TO pi- 
KpOCpCOVO TOU ITOpiTOU . O 8£- 
KTqCJ afTOT£A£lTai KOI aUTO^ 
otto K£pafa Kai KUKAcopa 
Thomson. 'Orav to qAEKTpo- 
payvqTiKo Kupa cp0av£i o' au- 
tov 5i£y£ip£i Tqv KEpaia q 
OTTOia p£ Tq o£ipa Tq<; 8i£yd- 
p£i to KUKAcopa Thomson. 
KaT' aUTO TOV T pOTTO crra 
aKpa tou TTUKvcoTq avaiTTUo- 
o£Tai Taoq Tqc; i8ia^ popcpqc; 
p£ to 8iapopcpcop£vo Kupa 

TTOU £IX£ £KTT£pip£l O TTOpiTOC;. 

H raoq auTq crrq auvEXEia 
Traipv£i Tq popcpq tou piKpo- 
(OCOVIKOU pEUpaTO^ TGU TTO- 
pTTOU. 
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(Dipov Kupa 






O) euBuypapec; xepatE^ avrxveuouv to «r)A£KTpiKO Tpppa» tou rjAEKTpopayvrjTfKOu KupaTO^, evco oi kukAjke^ 
KEpai'ts avixvtuouv to «payvqTiKo Tpqpa» tou 
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IU|l8oAl] TO)V KU|JO(T(jOV 

Otov oto 1810 p£oo oup6aiv£i va Sia8i8ovTai TauTOXpova 8uo q 
TTEpioaoTepa KupaTa to cpaivopEvo ttou ttpokutttei otto Tq ouvavTqoq tolk; 
AsyETai oupSoAq. H 0 £copqTiKq pEAtrq tou 9aivop£vou Baai^ETai orq 
AEyopEvq ap\q Tq<; ETraAAqAiac;, oupcova p£ Tqv ottoio «Ka 0 £va otto Ta 
KupaTa 8ia8(8£Tai oav va pqv uTrqpxav to aAAa KupaTa». H oAiKq 
8iaTapaxq k 60 e aqpEiou tou pEoou Trpoo8iopf^£Tai oe Ka 0 EXpoviKq OTiypq 
otto Tq «ouv 0 £oq» tcov SiaTapaxcov ttou 09£iAovTai oe k 60 e Kupa ^Excopi- 
crra. Ito TTapaKorrto 0 a pEAETqaoupE 8uo Ev8ia<p£pouoE<; ttepitttcooeic; tou 
cpaivopEvou oupSoAqc;. ApyiKa 0 a pEAETqaoupE Tq aupBoAq 8uo KupaTcov 
TTOU EKTTOpEUOVTai OTTO OUpCpCOVECJ TTqyE^. ZTq OUVEXEIO 0 a KaTaTTiaOTOUpE 
p£ Eva aKopa aTTOTEAEopa Tqc; aupSoAqq, ti<; AsyopEVE^ TaAavTcooei^ 
araaipou KupaToc;. 

XupGoAq KupaTcov ttou TTpoEpxovTai otto 
aupcpoovEc; TTqyE^ 

Auo TTqyE^ KupaTcov Aevovtoi oupcpcovEq Ecp' ooov TTaAAovTai p£ Tqv (8ia 
ouxvoTqTa Kai to iSio TrAaTO<; Kai BpiaKovTai ouv£x<i>S ° £ oupcpcovfa 
cpaoECoc;. 

To TiEipapa. Me Eva KaTaAAqAo oteAexoc; TrpooappoopEvo oe appoviKO 
TaAavTcoTq SqpioupyoupE pia 8icrra$q, Ta Suo aKpa Tqc; oTroiac; ekteAouv 
K aTaKopucpEc; appoviKEc; TaAavTcooEic;. Ta Suo aura aKpa (Sj Kai S 2 ) 




(pfjOToypacpia ttou Trap0r)K£ pt ouvtxn cpcoTiopo Tr|<; 
ETTitpaveiac; 



OtoToypatpi'a Tr]<; iSiac; ETTKpaveia^. H Aqtprj eyive pe 

CTTpoBoOKOTTlKO CpCOTIOpO. 
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ouvavTouv Tqv apxiKa aKivq T q emcpaveia vepou Kai upoKaAouv Tq SidSoaq 
appOVIKCOV £TTI(paVEIQK(A)V KUpaTCOV TTOtVCO IlapaTqpOUpE TO OTTOTeAe- 

opa Tqc; auvavTqaqc; tcov 5uo KupaTcov. AiaiTiOTcovoupE oti oe opiapEva 
aripda tou eAootikou pEaou 6ia8oaq<; (oqpria evi oxuoqg q Kupavaq dvai 
EVTovq, £vcb oe aAAa oqpEia (oqpEia aTToaBEaq^) 5 ev ucpiaTcrrai Kupavaq. 
Eivai xopOKTqpioTiKO oti oAa to oqpEia crra OTroia BiairiorcovETai Eviaxuaq 
avqKouv oe auyKEKpipEVEc; KapTTuA£<j ttou exouv Tq popcpq ioookeAoucj 
uTT£p6oAqs. Korn rapopoio oupBaivEi koi p£Ta oqpEia aTiooBEcqs. AvqKouv 
koi auTa oe KapuuAEc^ 01 ottoie^ cpuaiKa 6 ev TEpvouv ti<j TTpoqyoupEVE^ aAAa 
EXOUV Kl aUTES Tq popcpq TCOV IOOOKEAcOV UTTEpBoAcOV. 



H Oecopia. Oi appoviKe^ TaAavTcbaei^ tcov 6uo Trqycbv xapaKTqpi'^ovTai otto faa 
uAaTq Kai fae^ ouxvoTqTec; koi BpiOKOVTai ae aupcpcovia cpaaecoc;. Auto oqpaivei ot: 
av q pia TrepiypacpETai p£ Tqv £f;iocoaq £=aqpcot, p£ Tqv rSia E^iocooq pTropoupE va 
TrepiypacpoupE Kai Tqv aAAq TaAavTcoaq. 

AS 0ecopqaoup£ Tcbpa Eva Tuxaio oqpeio (M) tou eAaanKou peoou to ottoio 

UTTO0£TOUp£ OTI aTTE)(£l OTTO Tiq TTqyE^ (Si^) TCOV 66o KUpaTCOV OTTOOTaOEICJ di KOI d 2 

avTiOTOixa. H aTTOpaKpuvaq ttou 0a Trapouoia^E to oqpefo auTO, av uTrqpxE povo q 
Kupavaq Tqs S], 0a qTav 

Ci=ann2TT(y-ll.) 

Av ttoAi u-nnpxe povo r| Kupavori Tr|<; S : , n OTTopaKpovor) too M 0a qTav 

^ 2 = a np2Tr(y-y ) 

Av BaoiOToupt aTqv apxq Tqs ETTaAAqAiac; kui UTTo0eaoup£ oti oi Suo TaAavTCOOEic; 
exouv Tqv iSia SiEuOuvaq, 0a Trp£iT£i va SexOoupE oti yia Tqv aTropaKpuvaq tou M 0a 
layuei 

S=Si + $2 ottote £=aqp2rr(y -y ) + aqp2Tr( y — — 

M£Ta T\<; TTpa^EIC^ TTpOKUTTTEI OTI 

dj+d ? \ TT 

<-Aqp2n(— - — - — ) p £ A=2aauv — (d 1 ~d 2 ) 

Oi oxeoeic; oti^ OTrofec; KaTaAqyoupE, uiTodqAcbvouv oti 

(i) To Tuxaio aqpeio M ekteAei appoviKq TaAavTcoaq 

(ii) H auxvoTqTa Tqc; TaAavTcoaq^ tou oupttitttei p£ Tqv Koivq auxvoTqTa 
TaAavTcooqc; tcov 5uo TTqycov 

(iii) To ttAottos Tqc; TaAavTcoorjc; tou e^apTaTai otto Tq Siacpopa tcov aTTOoraaecdv 
tou (d | — d 2 ) otto to; 5uo KupaTiKEc; TTqyec;. 

To ^qTqpa tou ttAo(touc; TTapouaia^ei iSiaiTEpo ev6iacp£pov Kai adZei va to 
£ p£uvqaoup£ 6i£^o6iKOT£pa. 

Kp 0001 Eviaxuoq^. Atto Tqv E^foooaq ttou pac; 6 ivei Tqv Tipq tou TrAaTouc; 
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ou|jTTepai'v£Tai oti av dj— d 2 =kA, 0a eivai Kai A=2a. Ta ar|p£ia 6r]Aa6r| tow 
ottoicov oi SiacpopEc; tcov aTrocrraoEcov otto tic; 6uo Trr|Y£<; dvai aicEpaia 
TroAAaiTAaoia tou pqicouc; KupaToc;, 0a Eivai or|pda TaAavTOupEva p£ 










TrAaTO<; SmAaoio auo to ttA6(to<; k60e TTqyqq. Efvai oqpefa oto orroia Ta 6uo 
KupaTa aAAqAoEviaxuovTai. 

A<; Soupe opcoc; Kai ttoio eivai to ouvoAo tcov oqpeicov auTcbv Travco OTqv 
£Tncpav£ia. 0a xpsiaoToupe Tq ouvSpopq Tq<; recopeTpfa*;. Av oTqv e^focooq 
di— d 2 =kA Gecopqaoupe k=0, 0a TrpoKuipei dx=d 2 . To ouvoAo (yecopeTpiKO^ 
totto<;) tcov oqpeicov auTcbv eivai q peooKaGeToc; crro euGuypappo Tpqpa 
SiS 2 . Fia k=l eivai di-d 2 =A. To ouvoAo tcov oqpeicov auTcbv aiTOTeAef pia 
looaKeAq uTrep6oAq, oi 5uo Ecrrfec; Tq<^ oiToia^ eivai Ta oqpefa Sx Kai S 2 . Ha 
k=2, 3, 4,... q e^focooq ttou TTpoKUirrei eKaoTOTe avTicrroixd oe oqpeia 
loooKeAcbv uTT£p0oAcov. To ouvoAo oAcov auTcbv tcov oqpeicov aTTOTeAef tou<; 
Aeyopevou^ Kpoooou<; evfoxuoqs- 

Kpooooi aiTooSeoq^. AiaTapaxn + AiaTapaxn = OKivqoi'a. Av Tcibpa 
dj-d 2 =(2k+l)A/2, 0a efvai A=0, Ka0e oqpefo 8qAa8q, tou ottoiou q Siacpopa 
aTrooTaoecov otto ti<; 6uo Trqye^ eivai Trepirro TToAAaTrAaoio tou A/2 0a efvai 
8iapKcb<; aKivqTO. fia k=0,l,2 ? 3,-** TTpOKuirrouv oi e^iacboeis dj— d 2 = A / 2 , 
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di~d 2 =3 x l 2f d A — d 2 =5 A / 2/ d 1 -d 2 =7^/ 2/ k.A.tt. Ka0£pia arro tic; ottoi£<; avTiaToi- 
Xd o£ uTT£p6oAq |j£ £OTi£q Ta aqpda S! Kai S 2 . To ouvoAo auTcbv tgov oqpdcov 
aTTOTEAd touc; A£yop£vou<; Kpooaou<; aTroaBeaq^. 

H oupBoAq dvai £va cpaivop£vo ttou £K5qAcov£Tai G£ oAa to d6q Kupdroov. 
loxu£i opax; Kai to avdoTpocpo. Av 
6qAa5q a£ pia «popcpq 6Aq<;» £K5qAoo- 
0ouv cpaivop£va oupBoAqc;, pnropoupe 
va uTrocrrqpi^oup£ oti q «popcpq 
0Aqc;» Trapouoia^£i x a P aKT nP a K dpa- 
toc;. Kara Tqv TTEpiypacpq Tqc^ oupBo- 
Aqc; OTa Biacpopa d5q Kupdrcov, avTi 
yia Tqv Evvoia «aTTopaKpuvaq» q 
OTTOia pac; £^uTTqp£Tqa£ oto EAaoTiKa 
£TTicpav£iaKa KupaTa, 0a xpqoipoTroi- 
oup£ to KaTaAAqAo avaAoyo p£y£0o9 
Av Ta KupaTa dvai qAEKTpopayvqTi- 
Ka, to avTiaTOixo Tqc; aTropaKpuvoqc; 
dvai q Tipq Tqc; EVTaaqc; tou qAEKTpi- 
kou q tou payvqTiKou tixSiou. Av Ta 
KupaTa dvai qxqTiKa Kai 5ia5i5ovTai 
o£ a£pio, to KaraAAqAo p£y£0o^ dvai 

Ol EKCfGTOTE p£Ta6oA£<; Tq^ TTI£Oq<;. 

OaivopEva aupBoAqc; otov qx<>. 

Hxo<; + HX°S = oicoirq. Xuv5£oup£ 

5uo opoia pEyacpcova p£ Tqv i6ia qyq- 
TiKq TTqyq xopqAq<; ouxvoTqTaq. To- 
TTO0£TOUp£ TO £VO p£yacpOOVO aTT£Va- 
vti oto aAAo Kai avixv£Uoup£ to ano- 
T£A£opa Tq<; oupBoAqc; p£ piKpocpoova 

ouv5£p£va Trpoc^ TraApoypacpo. Xe opiop£V£c; TT£piox£S oi qxot aAAqAoEvi- 
QXUOVTai £vd) o£ ckAAec; TT£piox£S T ° aiTOTTAeapa Tqc; oupBoAq^ dvai q 
arroaBEaq, oi 5uo 5qAa6q napopoioi qx 01 ouvavTioovTai Kai aAAqAoKaTap- 
youvTai. O qxoc; auvavTa tov qx° ^ ai SqpioupydTai oicoTrq. 




H <puar| tou q>(OTO<; (A) 

Mexpi Kai tov TffpTTTO aicbva npiv ano to XpiOTo oi avOpcoTToi Biarqpouaav Travoo 
oto ouaiaoriKo ^qTqpa Tqc; p£pa^ Kai Tqq vuxto^ pia avTiAqi^q ttou 0a pnopouaE 
oqpEpa va Tq x a P aKT qp' aou P E «TToiqTiKr]». nioTEuav oti to cptoc; qTav svac; Aapnepoc; 
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aTpoc; koi to OKOTaSi £vac; paupop aTpoc; ttou uipcovoTav to 6pa8ia airo Tqv 
ETTitpavEia t qc; rqc,. To 900c; Kai to okotoSi aTTOTeAouoav 860 «ovTOTqT£c;» pera^u 
touc; av£^apTqT£^. YTTapyouv apKETEc; avacpopEc; p£aa oe apyaia KEipsva otto tic, 
OTTOlEc; TTIOTOTTOIEITai TO EVTUTTCOOIOKO — OE CTyEOq p£ Tl c; OqpEpiVEC; pac; aTTOLpEl^ — 
auTO yEyovop. Xe Eva otto to aqpavTiKa aApaTa ttou TTpaypaTOTTOiqoE q avBpaymvq 
OKELpq koto touc; aicovEc; ttou aKoAouGqaav, q TTaAia avTiAqipq avaT pcnTq ke 
X upcpcova p£ Tq v£a avTiAqipq, Tqv ottoio 8£)(6paoT£ psypi Kai oqpEpa, to okotoBi Btv 
£X£f uAiKrj urrdoraoq, to okot&Bi 5 £v £ivai rropa q arrouoia qxjOTdq. Ek£i'vo ttou ix£i 
uAikt} uTTdcrrooq £ivai to (pcoc;. 

H acopaTi8iaKq Oeaipia. flavco orq veo avTiAqipq BaaiOTqKE kqi q EpEuva tcov 
ttoikiAoov «q)(jOT£ivcbv» cpaivopEvcov. Ta TTpooTa cpaivopEva ttou £p£uvq 0 qi<a rjTav Ta 
ayETiKa p£ Tqv eu6uypappr| 6 ia 5 ooq, Tqv avdkAaoq Kai Tq 5 ia 6 Aaoq, p£oa otto to 
oiroia 8 qpioupyq 9 qKE Kai q i8eo piac; cpeoTEivqc; oktivoc; EuGuypappqc;. H i8eo auTq 
ouveBoAe p£ Tq OEipa Tqc; OTq Siapopcpcooq Tqc; tt pcoTqc; 0 £copiac; yia Tq cpuaq tou 
cpcoToc;, aupcpcova p£ Tqv ottoio 01 Eu 0 uypapp£c; oktivec; avTioToiyouoav oe TpoyiES 
ttoAu piKpoov aopaTcav oo)pcm 5 iu)v. Mia 0 £oopia ouoiaoriKa laoSuvapq p£ auTq 
BpiOKOupE oto 616A10 tou AouKpqTiou «De rerum natura» (fia Tq cpuoq tcov 
TT paypaTcov) tov irpooTO aicbva TTpiv airo to XpiaTO. 

To ETTopevo opoaqpo OTqv E^eAi^q tcov iSecov yia to cpooc; epcpavi^ETai to Sekoto 
£68opo aicova pETa XpioTov. X' oAoKAqpq ayESov Tqv KapiEpa tou o Neutcovoc; 
Ev 8 iacp£p 0 qKE ooBapa yia Ta TTpoBAqpaTa tou cpcoToc;. Xto kAooiko 6i6Aio tou 
« Ottti K q » ttou KUKAocpopqoE teAiko oto 1703 TTapouoiaoE pia arro tic; TrpcoTEc; 
ouoTqpaTiKE^ peAetec; yia to cpcop. Xto pETa^u — TTpoTou 8qAa8q va TTpoBEi OTq 
SqpoaiEuaq — £iy£ TTapaS£y 0 £i oti to cpu><; dvai eva pEupa aopaTcov ocopaTi8ia)v ttou 

EKTO^EUOVTCN QTTO TO (pOTTEIVO OOJpa. 



H Eu0uypappq 6ia6ooq tou cpcoToc;. Eva 

8 iacpavE<; peaov yapaKT^piTcTai toe; «otttikcoc; 
laoTpoTTos otov, peaa o' auro, to cpujc, SiaSh 
Setoi TTpoc; oAec; tic; koteuGuvoeic; rr\v 161a 
TayuTqTa It eva tetoioo Ei&aop ptaov 8rx°- 
paoT£ oti to cpooc; 6ia8i8£Tai EuOoypcxppcx 
'Eva otto Ta cpaivo|J£va ttou cvOappuvouv 
auTq Tqv TrapaSoxq £ivai koi q Sqpioupyia 
OKia^. riavco o' outo to cpaivopcvo Bcxoi^ETai 
Kai to yvtooTO « 0 &aTpo okicov^ to ottoio 
aTTOTeAei eva airo Ta ttio evSiatpepovTa otou 
X£ia Tqc; TToAiTioTikqc; pat, TrapaSooqc; 




MTTopoupE 8qAa8q va TroupE oti uTToaTqpi^E Tqv TTaAia 0 EO)pia Tqc; ocupaTiSiaKqc; 
uTTOOTaaqc;. 
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Tmora TTcpiooorcpo 5 c xpciaZcTat yia vo xpn 0 l P 0TTOir } O£l kgvek, tic; ckktivec, (pcoroc; oc 
ccpappoyct; EUKoAqc, avdKAooq^ koi cuKoAqc, 5 id 5 ooq<; otto to va civoi piKpd ocopoTiSia ttou 
pc r /< ~ cAktikc<; touc; duvdpac; q pc kottoic c; aAAcc; Suvdpcic; npoKaAouv Sovqoctc; ttovco ot o,ti 

CTTCVCpyOUV 

NEurcovaq, OiTTiKri, Arrqpa 29. 



H nupariKq Ouopia. Tqv (6ia ttepittou ettoxh 0 AyyAoq Hooke (Xouk) kou o 
OAAavSoc; Huygens (XoixEvq) ei^av ouykAivei at pia uTTo0Eoq evteAco^ SiacpopETiKq, 
oupcpcova p£ Tqv ottoi'ci to cpcnc; poia£,Ei pc tov qxo koi TTpETTEi va to 5£x6pacrrE oav 
tva Kupa ttou SiaSi'StTai at eva pcoo. EiSiko paAicrra o Huygens crro 616A10 too 
«npaypaT£ia yia to cpcoqw, ttou KUKAocpopqoc to 1690 , Siotuttcooe pia oxetiko 
oAoKAqpcopEvq Gtcopia p£ Tqv onoia qTav Suvotov va EppqvEUTouv Ta yvcooTa tote 
cpcoTEiva cpaivopEva. Tia Tqv EppqvEia tcov cpaivopEvcov auTcov, o Huygens TTpoTEivc 
pia Kaivoupia ap\q yia Tq 5idSoaq o\\ povo tou cparroq aAAa Kai oAcov yEviKa tcov 
KupaTcav. Me 6aoq Tqv apxq tou Huygens Kai p£aa otto yEcopETpiKOuq auAAoyiapouq 
EyivE Suvotov va 6 o 0 ei pia EppqvEia otou^ TTEipapariKouq vopouq tooo Tqq 
avaKAaoqc; 600 Kai Tqq Sia0Aaaqq tou cpcoToc;. 



Ap\q Huygens. Ka0E oqpEio Evoq pETayrrou KupaToq pTTopEi va 0£copq0£i cot; TTqyq 

5 £UT£pOy£VOUt; KUpOTI&lOU TO OTTOIO 6 ia 6 l' 6 £Tai p£ Tqv TaXUTrpa TOU KUpaTO^ 

Ta SeuTEpoyEvq auTa Kupan'bia oupGaAAouv Kai avaipouvrai apoiBaia oe oAa to aqpeia 
TOU peoou EKTOC; OTTO TO OqpElO TTOU Ka 0 OpI^£l q KOIVq EtpaTTTOpEVq ETTICpaVEia OTO pETCOTTa 
tcov KupaTi&icov aurtbv. H ETTicpavtia cxurq cmoTEAEi Kai to «ETTop£vo» petcotto Kuparoq. 
Otov Aoittov pat; Eivai oe KaTToia OTiypq (t) yvcooTo to petcotto KupaToq pnopoupE va 
rrpo6A£L(JOup£ to petcotto oe pia ETTopEvq OTiypq (t + At) 



H KupaTi Kq 0£copia ei'xe opcoq Kai Tqv «axiAA£ia TTT£pva» Tqq. H SiaSoaq tcov 
K upaTcov ttpoutto0£te oTT(oo6qTTOT£ kottoio pcoo {cpopEa) 5ia5oaqq. floio Eivai 
apayE to p£oo oto ottoi'o 5ia5i'SovTai Ta cpcoTEiva KupaTa crro pryaAo Ta^i6i Touq 
otto tov 'HA10 pEXP 1 £pdq; Oi EiTiOTqpovEt; tou Sekotou e66opou anova eAuoov — q 
paAAov vopioav oti eAuoov — to TTpoBAqpa TTapaSExopEvoi Tqv UTrap^q piac; ouoiaq 
ttou KaAuTTTE oAo to oupTTav Kai q OTTOia 0a pTropouaE va ottoteAei TO pEOO (cpopEa) 
5id6ooq<^ tcov KupaTcov cpcoToq. iTqv «ouoia» auTq 6o0qK£ to ovopa ai0£pac,, pia 
AE^q ttou ei'xe kottote xpqaipoTTOiqoEi o ApicrroTEAqc; ovopaToSoTcbvTaq to outrraTi- 
ko uAiko tcov oupavcov Kai tcov oupavicov ocopaTCov. AAAa o «cpcoTOcp6po(;» ai0Epat; 
ETTpETTE va 6ia0£T£i Kai opiapEVE^ iSiOTqTEq. H pEyaAq TaxuTqTa tou q^coTOt; 
aTraiTouoE Eva pEOOv t popaKTi Ka pEyaAqq EAaoriKOTqTaq Kai t popaKTiKa piKpqq 
TTUKvoTqTaq. Kai q ouaia auTq 0a ETTpETTE va ettitpettei crra oupavia ocbpaTa va 
Kivouvrai X^P'S TpiGeq. Kai evco q iSea Tqq TTapouoiaq tou ai0Epa qTav OTTcoo5qrroT£ 
EvoxAqTiKq, yia Touq cpuoiKOuq opcoq tou 17ou aicova, q iSeo Tqq uTrap^qq KupaTcov 
X^opiq uAiko cpopEa 6ia6ooqc; qTav aKopa ttio EVOxAqTiKq. O ai0Epaq TTqpE Tq 0Eoq 
tou oTqv KAaoiKq cpuaiKq TTapoAo ttou q KupaTiKq 0£<opia yia Eva TTEpiTTOU aicova 
TTapapEpiOTq ke aTTO Tq ocopaTiSiaKq Grcopia. 

H acopaTiftiaKq 0EO)pia £TTi6dAA£Tai. O NEUTcovaq x^P'S va £lv on KaTqyopqpaTiKoq 
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ttote Sev Trapa 5 £XTr|K£ Tqv KupaTiKq cpuoq tou cpcoTo^. reyovoc; eivai, SeSaia, oti 
tooo q ocopaTiSiaKq 600 Kai q KupaTiKq 0 £oopia piropouaav va eppqveuoouv Ta 
yvcocrra Tqv ETTOxq EKEivq q)aivop£va. llapoAq opcoc; Tq tpaivopEviicq looSuvapfa ttou 
TTapouofa^av Ta £TTix£tpqpaTa tcov 860 TTAeupcbv, q ocopaTiSiaKq 0 ecnpia tou 900TOC; 
TTpipoSoTqpevq peTo Kupoc; tou Neutcovo KUpiapxqoe OTqv EupcnTTaiKq OKeipq o' oAq 
Tq SiapKEia tou aicbva ttou aKoAou 0 qoe. Tia pia aKopq 90pa q Suvapq Tqc; 
au 0 £VTia<; KupioAEKTiKa Ka 0 o 8 qyqoe tic; TrepiooTEpec; otto tic; TreipapaTiKec; TrpoOTTOf- 
0 eiec; Kai tic; 0 £copqTiK£(; auv 0 £OEiq TTpoc; opiopevq KaT£u 0 uvaq. H e^eAi^q auTq 
ottoteAeoe eva eiSoc; Kavova ttou ouvoSeuotov SeSaia Kai otto apKETec; E^aipeoeic;. O 
Euler COiAep) yia TTapaSeiypa UTTEpaoTnoTqKE pe o 0 evo<; Tqv KupaTiKq 0 ecopia aAAa 
p£ Kaveva otto Ta ETrixEipqpaTa tou Sev KaTckpepe va kAovi'oei Tqv eSpaicopevq 
Tr£TTof 0 qaq yia Tq ocopaTiSiaKq uTTooTaoq tou cpcoToc;. H KupaTiKq 0 ecopia 9aivoTav 
oti 0 a qTav yia TTavTa avioxupq va avTiTTapaTE 0 ei oto «Neutcoviko avavTippqTO». 
iTa EupcoTraiKa TTavETTiGTqpia 01 cpoiTqTEc; SiSaaKovTav oti q «aAq 0 eia» yia to 900c; 
qTav auTO ttou eix£ UTTOGTqpi^ei 0 NeuTCOvac;. 

CDaivopeva aupSoAqc; tou cpcoTOc; 

H ocopaTiSiaKq Gecopia kAovi^etoi. YTrqpxe opcoc; eva aKpai9vcoc; KupaTiko 
9aivop£vo to 0TT010 Sev eixe ttote TTapaTqpq 0 £i oto 9<oc;. 'Htov to 9aiv6pevo Tqc; 
oupSoAqc;. Av pTropouoe koveic; «avaKpfvovTac;» Tqv OAq va Tqc; aTrooTraoEi Tqv 
opoAoyia oti to 903c; Trapouoia^ei 9aivop£va oupSoAqc;, 0 a pTTopouoEva Sqpioupyq- 
oei eva oqpavTiKO pqypa OTqv e8paicopevq TTETTOi 0 qoq Tqc; ETTOxqS- H iSea auTq dpepe 
oto TTpooKqvio tov 'AyyAo Thomas Young (Topac; TiavyK). O Young ^EKivqoE otto Tqv 
TTETToi 0 qoq oti to 9to<; qrav Kupavaq Kai 0 a ettpette va Ep9avi^ei 9aiv6peva 
oupSoAqc;. Xup9cova p£ Tqv KupaTiKq Gecopia av 860 KupaTa TTpoepxopeva ano 
oup9tov£t; TrqyE^ Kai SiaSiSopEva oto 1610 peoo ouvavTqGouv pTropei va oupSaAAouv 
pe aTTOTeAeopa va 8 qpioupyq 0 ouv TT£piox£S svtovou 9coTiopou aAAa Kai TTEpioxes 
aTrouoiac; 9JCOTOC;, 8qAaSq okotouc;. 'Ottcoc; 8qAa8q oupSaivei pe Ta £TTi9av£iaKa 
KupaTa OTa OTroia piTopoupe Kai TrapaTqpoupe Kai to aTTOTeAeopa ttou AeyeTai 
«SiaTapaxq + SiaTapaxq = aKivqoia^ ottcoc; oupSaivei pe Ta qxqTiKa KupaTa KaTa 
Tq oupSoAq tcov oitoicov SiaTTiOTcovETai Kai to aTTOTeAeopa «qx°S + HX°S = oicoTTq)), 
kocti avaAoyo 0 a pTTopouoe va oup8a(vei Kai pe to 9ax;. 0 a pTropouoe SqAaSrj va 
8 iaTTioTco 0 ei oti oe opiopevec; TrepioxES kot a Tq oup6oAq 0 a exoupe «9CO<; + 910^ = 
OKOTdSi». Av auTO ouveSaive 0 a evioxue Tqv aTro 9 q yia tov KupaTiKO xoipaKTqpa tou 
9<jotoc;. 

To TTpo6Aqpa 8e6aia qTav oti q UTTap^q 860 povoxpcjopaTiKcbv 9cot£ivcov rrqycbv 
ttou va eivai oup903V£<; qTav k6ti avE9iKTo. H oK£ 9 q tou Young qTav oti q 
ouyKEKpipEvq «a$£TT£paoTq» SuoKoAia 0 a pTropouoE va fjeTTEpaoTEi av a^iOTTOiouoe 
eva aAAo KupaTiKo 9aiv6pEvo ; Tqv TTEpi' 0 Aaoq. 

XpqoipOTTOicovTac; eva 8ia9paypa pe &uo ttoAu piKpec; TTapaAAqAe^ oxiopec; Kai 
EXOVTac; TOTro 0 £Tqoei pia o 0 ovq TrapaAAqAa TTpoc; to 6ia9paypa oe aTTocrraaq 
peyaAq oe oxeoq pe Tqv aTrooTaoq tcov oxiopcbv KaTd9£p£, teAiko, 9 anr^ovTa$ to 
5ia9paypa va 5 ei va axnM aTI ? OVTai OTr l v o^ovq 9 Coteive^ Kai okoteivec; TTEpioxtS 
q pia SiaSexoTav Tqv aAAq. Htov to avTioToixo tcov Kpooocov evioxuoqc; Kai tcov 
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Kpooacbv aTT6o6£ar|s. To cpcoc; acpou TrpcbTa ucpicrraTo TTEpfGAaaq otic; 66o oxiap£c; 
8qpioupyouo£ 8uo KupaTa p£ ices ouxvoTrjT^ Kai cpaaiKq 8iacpopd. Ta 8uo 

KupaTa auv£0aAAav Kai Sqpioupyouaav ti<; cpcoTEivEc; kom okoteivec; toiviec; (eiSooAo 
tcov axiopcbv) to aTTOTEAEapa SqAaSq Tqc; aupGoAqc; OTqv TTEpioxq Tr !S oGovrj^. 'Htcxv 
r] TrpcoTrj TTEipapaTiKri evSei^h ttou 0a kAovi^e to Kupos ths acopaTiSiaKi'js 0£copias 
Kai 0a £V0appuv£ Tqv aAAq aTTOipq. 




max 

min 

max 

min 

max 

min 

max 

min 

max 




IlapaAAqAa oi pETpqosic; ttou TTqpE tou ETtETpELpav va UTToAoyioEi yia iTpcbTq (popa 
to pqKoc; KupaToq tcov 8iacpopcov aKTivo6oAicbv. Oi TipEt; ttou 6pqK£ ryrav 0,7-HT 6 m 
yia Tqv Epu0pa aKTivoGoAfa kai 0,4*10~ 6 m yia Tqv i(o8q. 



YTToAoyiopos tou pquouc; KupaTO<;. Ito oxqpa Trapouoia&rai pia Topq otto 
ettitte8o kcxGeto tooo qtq TiETaopa ooo Kai oto Siacppaypa. H k60etoc; oto etthteSo 
tou SiacppaypaTO^ oto p£oov O Tqq 
SiS 2 (oxqpa) TEpvEi to TTETaopa oto 
oqpEio O oto ottoio 0a 6piaK£Tai Kai o 



«K£VTplKOC;» CpCOTEIVOC; KpOOOO^. Av £ 1 - 
vai y q aTToaraaq tou utt' apiGpov «k» 
CptOTEIVOU KpOOGOU OTTO TOV KEVTpIKO 
Kai r!,r 2 oi ovtiotoixes aTrooTaoEi^ tou 
otto tic; 8uo axiapEc; (S 1 ,S 2 ), 0a ioxuei 
r 2 _r i“kA. 

flavco OTqv PS 2 GecopoupE eva euGu- 
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ypappo Tpqpa PS] 100 p£ PSj. To Tpqpa S 2 S] 0a Eivai ioo p£ kA. H aiTOOTaaq L 
avapeaa oto Siacppaypa Kai to rreTaapa Eivai togo psyaAq oe ax^oq p£ Tqv 
aTTooTaoq d=SiS 2 tcov Suo axiopcov, cogte va pac; ETmpETTETai va 0Ecopqooup£ oti t a 
Tpiycova SiStP Kai S 1 S 1 S 2 Eivai op0oycbvia. Igxuei S 2 S 1 S 1 =PQO = 0. Xto Tpiycovo PQO 
igxuei Ecp0=y/L evco oto Tpiycovo S1S1 S 2 qp0=kA/d. ETT£i8q 01 ycovisc; Eivai ttoAu piKpEc; 
pTTOpOUp£ va 5£X0o6p£ OTI £Cp0 = qp0, OTTOT£ 



^ = JcA 
L d 




H teAeutoio ££,iacoaq yia k=0,l,2,3,--- pac; Sivei tic; 0egeic; tcov tpcoTEivdov Kpoaacov. 
H [8ia TraAi E^iocoaq pac; o5qy£i otov uTroAoyiopo too pqKouc; KupaToc; Tqc; 
qAEKTpopayvqTiKqc; aKTivoBoAiac; Tqv oTroia xpqaipoTToiqaapE. 



ri£pi'0Aaor| 



Ka0coc; GpioKopaoTE p£aa oe Scopomo p£ 
avoiXTq TropTa Eivai Suvotov va aKoupE 
Tq 9covq evoc; cpiAou ttou GpiOKETai £^co 
arro to ScopaTio Kai piAaci X^P'S va TOV 
6A£Troup£. Eivai k 6 ti aav o qx°S va «OTpi- 
6 ei» Tq ycovia. Av OsBaia o cpiAo<; 0EAqoEi 
va p£Ta6i6ao£i Eva air' £o0£ia^ cpcoTEivo 
pqvupa oto pdma pac; (p£ Eva cpaKo yia 
TTapa5£iypa) ^Epoupc TTpoKaTaSoAiKa oti 
auTo 0a Eivai pia EVEpyEia paTaiq. To cpcoc; 
5 e cpaivETai va «oTpi6£i» Tq ycovia. 

Oi cpuoiKoi Aeve oti oe Eva avoiypa p£ tic; 
SiaoTaocic; piac; TropTa^ oi qxqTiKEc; okti- 
v£t^ OTpiGouv, ra qxqTiKoi KupaTa Tiapa- 
Bia^ouv Tqv apxq Tqc; £u0uypappqc; 5ia8o- 
oqc; Kai ucpioTavTai Tq AeyopEvq 'rrtpiOAa- 
arp Auto oupBaivEi ETraSq oi SiaaTaoEic; 
too avoiypaToc; eivai piKpOTEpec; auo to 
pqKoc; KupaToc; too qx oiJ - Korn avaAoyo 
0a pTTOpouoE va aupGd Kai p£ to cpooc; ox 1 
opcoc; oe avoiypaTa togo peyaAcov Siaora- 
oecov. H TT£pi0Aaaq too aTraiTEi pia TTapa 
ttoAu piKpq axiopq. 

H TT£pi0Aaoq Eivai eva yeviKo KUpaTiKo 
cpaivopEvo to ottoio 5q p loupyeiTai ecp' 
oaov aTq 5ia5ooq too KupaToc; uapcpBaA- 
AETai Eva EpTToSlO TTOU EXEI KOTTOIO OXIOpq 
(avoiypa). 'Otov to ttAotoc; too avoiypa- 

TOC; Eivai pIKpOTEpO OTTO TO pqKOC; KUpa- 
toc; Trapouoia^ETai aTTOKAiaq otto Tqv 




O TTE^ot; 6e 6AeTrei to cpcoc; t r\<; Aapuac;, oute tov 
«'A yio Bao(Ar|», okouei, opcoc; to kouSouvi too Ta 
KupaTa TiapaBid^ovTac; to £U0uypappo rr]<; 
8ia5oor)o; / TTapa KapiTTOuv to epiToSio 
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£U0uypappq 6iaSoaq q orroia AeyErai TT£ P i0Aaoq. ^i^tova p £ T qv apxq Huygens q 
p |K pq oyiopq yfv£Tai rrqyq 5£UT£poy£vd)v Kuporrcov Ta ouoia sivai acpaipiKa yiaTi 
eyouv koivo KEVTpo EKTTopTrq^, piac; Kou to avoiypa £ivai tooo piKpo ttou pac; 





£TTITp£TT£Tai VQ TO 0£OOpqaOUp£ GqpEIO. 111000 
guvettcoc; otto to EpTroSio 0a SiaSiSovTai acpai- 
piKa KupaTa p£ KEVTpo to avoiypa, KupaTa 
5qAa5q p £ KupaTi kec^ oktive^ irpoc; k60e koteu- 
0uvoq. H oAq EiKova laoSuvapei p£Trapa6iaaq 
T qS a PXHS T 1S EU0uypappq<; SiaSooq^. llEpi- 
0Aaoq TTapaTq pEiTai Kai oe TTEpnTToooq ttou ijo 
Kupa ouvavTa Eva EpTroSio p £ 6iaoTaa£i^ p|P 
xpoTEpEc; otto to pqicoc; KupaToc;. Itic; TTapu- 
too EpiroSioo q 6i£u0ovoq SiaSoaqc;, apa 
Kai q popcpq too KupaTo^, ucpiaTavTai TpoTro- 
TTolqoq. 

ricpiGAaaq tou q>a)To<;. To cpaivopsvo Trapa- 
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Tr|p£iTai Kai oe 9009 ttou np^ mrnrEi uavco oe avoiypaTa q a 5 ia 9 avq avTiKEipEva 
ttou 01 5 iaoTao£iq tou<; va exouv p£y£ 0 o^ Tq<; Ta^qs tou pn K0U S KupaToc; tou 9COT09 
To Aeuko qXiaKO 900^ koto Tqv Tr£pi 0 Aaoq tou U9iOTaTai koi avaAuoq otic; 
oktivo 6 oAi£^ 01 ottoiec; «oupp£T£xouv» — ottcoc; TTiaT£uoup£ — o' outo. H avaAuoq 
09£iA£Tai oto yEyovot; oti k 60 e aKTivoBoAta ex £ i £va « 5 iko Tqq» pqKo<; KupaTot; p£ 
aTTOT£A£opa va u9ioTaTai pia Tr£pi 0 Aaoq 5ia90p£TiKq o£ ax^oq p£ tic; uttoAoitte^. 

H TT£pf 0 Aaoq tou 9COTOS £ix £ Y ia TTpcbTq 90pa TrapaTqpq 0 £i otto tov ItoAo 
G rimaldi (TKpipaAvTi) to etoc; 1665 , pEpiKa 6qAa6q xpovia ttpotou va 5iapop9Q)0o6v 
01 660 avTipaxopEVE^ 0 EO)pi£c; yia to 9009 To 9aivop£vo qTav yvtooTO tooo oto 
Neutcovo ogo koi oto Huygenes. AAAa 0 Neutcovoc; 6 ev « 6i£Kpiv£» psoa otto outo to 
9aivop£vo pia KupaTiKq 0 £O)pia yia to 9(09 Atto Tqv aAAq TrAEUpa 0 Huygens 
napoAo ttou ETTivoqoE Tqv ttoAu E^UTTvq KaTaoKEuq (Apxq Huygens) yia Tq 8 ia 5 ooq 
tcov KupaTcav Kai Even — oqpEpa avayvcopi^oups oti — 0 a pTTOpouoE £9appo^ovTac; 
Tqv va EppqvEuoei to pucrrqpicbSEc; tote 9aivop£VO Tq<; TT£pi 0 Aaaqq o 16109 
a&ia90pqa£ Kai ouoiaonKa 8 ev aoxoAq 0 qK£ p£ to 9aivop£vo outo. 



H q>6oq tou tptOTOt; (B) 

19oc; aic 8 va 9 

H KupaTi Kq 0£<jopia Kupiapxei 

O Young eix£ tteigei tov eouto tou oti to 900^ exei xapaKTqpa KupaTiKO. Auto 6 e 
oqpaiVEi oti KaTa9£pe va ttei'oei Kai to ETTiaTqpoviKO KaTEOTqpEvo Tq<; ETTOxqS- H 
6qpooi£uoq Tqc; Epyaoia^ tou, evoo EyivE p£ ottAo koi tteiotiko TpoTTO, ttpokoAeoe 6x1 
povo aTro 5 oKipaai£(; aAAa koi Trapa TTEpa avTiSpaoeic; oe ettitte&o EpTraiypou. THtov 
to avaTT09£UKT0 Tipqpa Tqq TrpoocoTnKqc; tou ouyKpouoqc; p£ Tq NEUTcoviKq 
au 0 evTia. Meoo oe ekoto xpo v| a q NEUTcoviKq ETTavaoTaoq eix £ TTpoAaBEi va yfvsi 
Ka0£OTd)9 

Zto xpdvia ttou aKoAou 0 qoav q TTpooTTa 0 £ia yia Tq OTqpi^q Tq<; KUpaTiKqc; 
0 £topfa<; £Vioxu 0 qK£ p£ Tq ouppEToxq tou Augustin Fresnel (AuyouoTivou (DpEVEA 
1788 - 1827 ) evo^ FaAAou ETnorqpdva p£ a^ioAoyq pa 0 qpaTiKq KarapTioq o ottoioc; 
ouvepyaoTqKE p£ tov Young rrapoAo ttou 01 Sia 90 p£TiKE(; TraTpfSec; tou^ ouveGoive va 
GpfoKOVTai oe £pTroAEpq KaraaTaoq. Me to ovopaaro tou TTEipapa to ottoio 
T rapouoiaoE pEpiKa xpovia apyoTEpa ( 1821 ) otteSei^e ki outo^ oti to 9 ax; TTapouoia- 
^ei 9 aivopEva oupBoAq^. Zav 9 a>T£iv£c; TTqy£<; xpn° l P OTTOir l a£ Ta ^do EScoAa pia<; 
povoxpwpaTiKqc, Trqyqt; TTavco oe 5 uo Ka 0 p£ 9 TEq ttou oxqpaTi^av ycovia iTEpiTrou 180 
poipcbv. Ta 660 auTa EiSooAa pTTopouoav va 0 £copq 0 ouv oav 860 oup 9 a)V£^ TTqy£<^ 
KaTaAAqAEq va Scboouv ttovco oe pia oGovq Kpoaaou^ oup 6 oAq<;. Ze avTiGsoq p£ o,ti 
E iX£ oup 0 £i 20 xpovia vcopiTEpa p£ tov Thomas Young, q ETriSEi^q tou veou TTEipapaToc; 
ETTEIOE TOU^ TTEplOOOTEpOU^ ETTIOTqpOVE^ yia Tqv KUpOTIKq 9 UOq TOU 9 COTO^. Z' aUTO 
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£nai6j£ aqpavTiKo poAo Kai o ocSaopoq ttou evettveov 01 pa0qpaTiK£t; yvcooEiq tou 
Fresnel. 

!6iaiT£pa oqpavTiKq UTTqp^E ETnaq<; r| oupOoAq tou Frensel Kai crrr| 0£O3pqTiKq 
Eppqvcia Tqc; TT£pi0Aaoqq. Evapiaq mpiTTOu aicova p£Ta tov Huygens 0a «SiaKpfv£i» 
psoa oto cpaivopcvo Tqq TT£pf0Aaaqq auTO ttou 5ev pTTOpEOE va SiaKpivEi o Huygens, 
£va laxupo 5qAa8q CTTtxeipqpa Y l0t Tqv KupaTiKq cpuaq tou cparroq. O (8toq ttoAi 0a 
XpqaipoTTOiqoEi onTOT£A£apaTiKa Tqv apxq Fluygens yia va EppqvEuoci 0EcopqTiKa Tqv 
TT£pi0Aaoq. Iqpcpa q apxq auTq avacpEpcrai Kai 00 c; «apxq Huygens-Frensel». 

MTTopoupE va ttoupe oti Kara Tqv Trpdyrq EiKooiTT£VTa£Tia tou 19ou aicova q 
crrroipq yia Tqv KupaTiKq cpuaq tou cpcoToq 5£X0qK£ pia cb0qoq aTTOCpaoicrriKq. To 
yEyovoq £ivai aqpavTiKo p£ Tqv cvvoia oti qrav q TTpcoTq cpopa ttou pia NcuTCOViKq 
aTToipn Sexotov Eva tooo laxupo KAoviapo p£ teAiko aTTOTcAcapa Tqv oAoKAqpooTiKq 
Tqc; avaTpoTTq. H Kaivoupia 0ecopfa avaTTTUx0qK£ x^P'S Tr l ocppayiSa piaq 
au0£VTiaq. 

Tqv i5ia TTEphrau ETroxq q avaKaAoipq Kai q (JEAtrq tou cpaivopsvou Tqq TroAcnoqq 
tou (parrot eviox^oe aKopa TTEpioaoTEpo Tqv KupaTiKq 0£copfa Kai eSei^e oti to cpcoq 
EX£i x a P aKT nP a £Y K( ^P aiou KupaTo^. TcaaEpiq TTepiTTou Sekoetiec; apyoTtpa O 
Maxwell laxuptoTqKE oti to <pto<; 6 ia 6 i 5 cTai pc Kupara Tqq i' 6 iaq popcpqq pe to 
qAcKTpopayvqTiKd. 



20oc; aicbvac;. To SiAqppa 

Atto Tqv auyq tou eikootou aicova q aTTOipq yia Tq ocopaTiSiaKq cpuaq tou cpcoToq 
ekove Kai TraAi Tqv Epcpaviaq Tqq pc cva opcoq TTpoocoTro cvteAcoc; SiacpopETiKO. 

H CKTTopTrq Tq^ aKTivo6oAiac; Kai to quantum cvcpycia^. To AEKEpGpio tou crauq 
1900 cvaq pcyaAoq rcppavoq cpuaiKoq Tqq ETroxqs, o Max Planck (Max HAavK 
1858-1947) ekove — Kara Tq SiapKEia cvoq auvcSpiou — pia aqpavTiKq avaKoivcoaq pe 
Tqv oTToia avoiyE Eva Kaivoupio KEcpaAaio Tqq icrropiaq Tqq cpuciKqq. O Planck 
avaKoivto at oti aupcpcova pc rauq SiKouq tou uTroAoyiapouq Ta «TTapa5o$a»* ttou 
TTapouofa^E — koto Tqv ETTOxq EKEivq — q EKTTopTTq aKTivoBoAfaq, 0a pTropouaav va 
cppqvEUTouv, apKEi Kavciq va irapaSExorav oti q qAcKTpopayvqTiKq oktivoGoAiq 
cKTrcpircTai (kqi cmoppocpaTai) povo koto Tpoiro aouvcxq. 0a pTropouoapE va 
«p£Tacppaooup£» tov laxupiapo tou AcyovTac; oti q EKTropTTq aKTivo6oAfa<; yivcTai pc 
TpoTro ttou 0upi^Ei crrayovEc; ttou Byaivouv otto Eva orayovopETpo. H Trepiypacpq 
opoo^ Tqc; aouvEXEiaq eyivc otto tov Planck crrq yAcbooa Tqo; evcpyEia^. EKTToptTq 
aKTivoBoAfa^ TTpaypaTOTroiciTai povo ccp' ooov oupTTAqpcoGei eva opiopcvo Evepycia- 
ko ttooo to ottoio — xPn oi P OTTOIC ^ VTa S P ia AaTiviKq AE^q — ovopaoc quantum 
EVEpycia^. ATTAoTToicovTat; Tqv ovopaafa tou 0a to AepE k66vto EVEpyEia^. OAa Ta 
EKTTEpTropEva k06vto piaq povoxpcopariKqt; aKTivoBoAiaq eivai (aa Kai aSiaipETa. H 
Evcpycia (E) Ka0£voq otto aura E^aprarai povo otto Tq ouxvoTqra Tqc; aKTivoBoAfaq 



* Korra ra TeArj tou TT£pao|jf;vou aidbva apKETOi qiuaiKOi £TT6id)KOVTa^ va xpn a, l J 0 TT 0 tt l 00UV Tr l OTancmKri 
p£0o5o Tr|( ; 0 £p(jo 6 uvapiKqt; aTr| peAeTq rq<; £KTropnf|<; oktivoGoAio^ d^av o 8 r]YnO E ' aE ouprrepaopaTa 

opoAoyoupEvco^ trapa&o^a. 
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koi uTToAoyi^ETai paAioTa otto to yivopEvo Tqc; ouxvoTqTaq (v) etti [jia cna 0 Epa (h) 
ioq TTpoc; 6,55-10 _34 J s, q ottoi'cx apyoTEpa ovopaoTqKE OTaBcpa tou Planck. H 
E^iocooq E=hv EKCppa^Ei auTOv aKpiGcbc; tov UTToAoyiopo. 



E=hv 



Tia va KaTavor|ooup£ Tqv Ta^q p£y£0ou<; Tqc; EVEpyEia^ evoc; kBovtou apK£i 
va GK£cp0o6p£ oti q evepyeia evoc; k66vtou TTpaoivou cpcoToq Eivai (oq pe Tqv 
£V£py£ia ttou anoKTa £va qAcKTpovio ettitoxuvopevo p£Ta£6 6uo oqpEicov 
p£ 6iacpopa SuvapiKou Tpiobv TTEpiTTou BoAt. 



H 6ia6oor) rr\$ aKTivoGoAiac; Kai to <pu)Tovio. FIevte xpovia apyoTEpa (1905) o 
Albert Einstein ETTiSicoKOVTac; va 5 cooei pia EppqvEia crro avE^qyqTO psxpi T ° T£ 
(pcoToqAEKTpiko cpaivopevo TTpoTEivE pia TrapaTTEpa TTpoEKTaoq Tqc; apxiKqc; utto 0 e- 
oqc; too Planck. YTTooTqpi^E oti q K0avTiKq 0£cbpqoq 6ev ioxue povo koto Tqv 
EKTTopTTq tou cpooToq (aKTivoGoAiac;) aAAa koi KOTO Tq 8ia6ooq tou. Tia tov Einstein 
koto Tq 6ia6ooq tou 90)toc; ottooc; koi k 60 e qAEKTpopayvqTiKou KupaToc; q 
oktivoGoAoc; evEpyeia 5 ev 0a ettpette va KaTavEpETai pc opoiopopcpo TporTo oto 
pETcoTTa KupaTo<;, OTTcoq Sexotov q KAaaiKq 0Ea)pia, aAAa 0a ettpette va Eivai 
EVTOTTiapEvq o£ ouyKEKpipEva «TTaK£Ta» EVEpyEiat;. H EiKOva GsGaia ttou pac; 
TTpOTEIVEI 6eV OXETI^ETOI p£ Tl<^ Ka0qp£plVE<; EpTTEIplEC; pa^. ElVOI oa va SEXOpaOTE OTI 
KaGcoc; Eva 0aAaooio Kupa «OKa£i» ttovco oe pia aKTq, oAoKAqpq q EVEpyEia ttou 
p£Taq>EpEi aTToppocpaTai otto Eva povo GoTaaAo. lupcpcova p£ to Kaivoupio povteAo 
q EVEpytia piac; cpomivqt, aKTivat; ouvTi'0ETai c(tto piKpEc; SiuKtKpipEVEc; TroooTqTEt; 
(kokkouc;) Ka0E pia otto tic; ottoie<; Eivai foq p£ Tqv EVEpyEia evoc; k66vtou. To kGovto 
9C0T£ivqc; EVEpyEia^ ovopacrrqKE cpavrovio Kai q aTT09q oti q (qAEKTpopayvqTiKq) 
oktivoGoAoc; EVEpyEia Eivai (ottcoc; koi to qAEKTpiKO 90pTio) KSavnopevq apxioE va 
ETTiKpaTEi. 

METq 0 Ecnpia tcov 9cotovicjov 6 o 0 qKE pia iKavoTTOiqTiKq E^qyqoq oto 9 urroqA£KTpi- 
k 6 9 aivop£vo. To 9 cotovio apxioE va 0 EcopEiTai coc; piKpoTaTo ocopaTi'Sio to ottoio 
6ia9£p£i otto oAa Ta uTroAoiTTa Kara to oti q pa£a qpEpiac; tou Eivai pqScv. To 
piKpoTaTo outo ocopaTiSio pTTopEi va EX£i eAaxicrrq oxeoq p£ Ta ocopaTiSia 9C0t6<; 
ttou ei'x£ 9avTacrr£i o Neutcovoc;, Eivai opcoq ocopaTiSio. 

To ^£TT£paopa evo^ 6iAqppaTo^. To Kai- 
vo9av£q otoixeio Tqq v£aq 0 £copfaq Eivai 
oti Sev apVEiTai Tqv KupaTiKq 9uoq tou 
9<jotoc;, 6ev ayvoEi p' aAAa Aoyia oti to 
900c; 5 ia 6 i 5 ETai 00^ qAEKTpopayvqTiKO ku- 
pa. Ac; pq ^xvapE oti yia tov UTToAoyiopo 
Tqc; EVEpyEiac; (E = hv) k 60 e 9cotoviou TTaip- 
vei uTT09q Tqq Tq ouxvoTqTa tou ovtiotoi- 
Xou qAEKTpopayvqTiKou KupaToc;. T 1a 
TTpcbTq 9opa to 81'Aqppa «acopaTi6io q 
Kupa» 9aivETai va ^ettepvietoi. H aTT09q 
ttou ETTiKpaTEi p^xp 1 Kai oqpEpa ottoSiSei 
oe Ka 0 £ aKTivoGoAia, pia SiTTq uTTooTaoq. 

H aKTivoGoAia aTTOTEAEi pia uAiKq ovTOTq- 
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to q OTroia oe opiopcva cpaivopsva EKSqAobvEi kGovtiko xapaKTqpa evcb oe aAAa 
£K6qAa)V£i KupaTiKOTqTa. 'Otov q aKTivo6oAia aAAqAETTiSpa p£ Tqv uAq ottxoc; 
aup6aiv£i oto cpooToqAeKTpiKo cpaivopcvo yia va TTEpiypacpoupE xq aup'TEpicpopa Tqc; 
£TTiKaAoupaoT£ Tqv K 0 avTiKq (cparroviaKq) Tqc; irnooTcxoq . Xe cpaivopeva iraAi ottcoc; q 
aup6oAq Kai q TroAcoaq EppqvEuoupE Tq oupTTEpicpopa Tqc; atcrivoBoAiac; ExriKaAoupE- 
voi Tqv Kuporn Kq Tqc; uirooTCXoq . H cparroviaKq (aouvExqc;) popcpq 600 Kai q 
KupaTO£i8qc; (ouvcxqc;) popcpq 5 ev ammAouv xrapa ttAeupec; Tqc; xrpaypaTiKOTqTac; q 
OTTOia p£oa otto to cpi'ATpo tcov av 0 pcoTTivcov aio 0 qxqpicov Kai Tqc; yAcoooac; pac; 
yivETai to aAAoicop£vo Tvcooto. 

To (pax; Kai q 8 o|jq tou aTopou. Koto to xpovia ttou aKoAouBqaav q EpEuva uavco 
oto ouaacopEupEvo TTEipapaTiKO uAiko co 0 qo£ Tq 0 £(opia yia Tqv EKTTopTTq tou cparroc; 




va «auvavTq0£i» p£ Tq Oecopia yia Tq 5opq tou aTopou. 'Eva ano Ta TTpcoTa 
aTTOTEAEopaTa Tqc; «auvdvTqaq<;» qTav Kai q napaKaTco 0Ecbpqaq: XTq ouvqOq 
KaxacrTaoq kcx0e qAEKTpovio tou aTopou BpiOKETai oe pia ouyKEKpipEvq Tpoxia* Av 
KaTroia E^coTEpiKq ama tou p£Ta6i6aa£i pia TioooTqTa Evcpyciac;, to qAEKTpovio 
EyKaTaAEiTTEi Tqv Tpoxia tou koi pETacpEpETai oe Tpoxia pcyaAuTEpqc; EVEpyciac;. To 
cpaivopcvo AEyETai 6i£y£poq. H Trapouoia opcoc; tou qAEKTpoviou OTq vsa Tpoxia 
SiapKEi sAaxiOTo xpovo. XTq ouvexeio £TTav£px£Tai crrqv apxiKq tou KaTaoTaaq 
aTroBaAAovTac; Tqv TTpoo0£Tq EVEpycia p£ Tq popcpq tvoc; cparrovfou. 



TaAavTtoaq otcioi|jou KupaToc; 

0 a aaxoAq 0 oup£ Tcopa p£ pia EibiKq TTEpiTiTcoaq aupBoAqc;. Auo appoviKa 
KupaTa tou iSiou ttAcktouc; Kai Tqc; (8iac; ouxv OTqxac; 8ia8i8ovTai koto pqKoc; 
tou i8iou a^ova x x. ZqToupE va Trpo6A£ipoup£ 0 £(opqTiKa to axioTeAEopa 
Tqc; aupBoAqc; tcov 8uo au- 
TCOV Kuporroov. 

Ac; 0£copqaoup£ oti to 

8 uo KupaTa eivai EyKapoia — — 

Kai oti 01 TaAavTcboEit; yi- 
vovtoi oto 1810 ettitteSo. 

0 £copoup£ ETTioqc; ok; apxn 
tcov a^ovoov £va oqpdo O 
yia TO OTTOIO UTTO0£TOUp£ 
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oti q TaAavTcooq ttou ekteAei Aoyco tou Trpos to 8£$ia (oxnP a ) 8ia8i8op£vou 
KupaTOS TT£piypaq)£Tai p£ Tr|v E^focooq x=x 0 qpcot Kai ^oyco TOU 11 P 0< > Ta 
api(JT£pa SiaSi8op£vou KupaTos TTEpiypacpETai p£ Tqv E^iocoaq x =xoqpcot. 
Auto oqpaivEi oti to oqpdo O ekteAei Tqv TaAavTcooq £,=2x 0 qpcot p£ ttAotos 
8qAa8q SmAaoio otto to «x 0 ». 0£copoup£ Tcbpa Eva Tuxaio aqpEi'o M ttou 
6p(oK£Tai ttqvcd oto 0£tiko qpia£;ova 8 e£i 6( 8qAa8q otto to O (axnpa) oe 
aTTocrraoq +x ano auTo. Aoyco tou TTpos Ta Se^icx 8ia8iSop£vou KupaTOS r| 
Kivqoq tou M 0a TTEpiypacpETai auo Tqv E^kxooq x M =x 0 qpco(t-x/c). H 
E^iacooq £Kcppa^£i to yEyovos oti a£ k60e xpoviKq OTiypq to aqpEio M ex ci 
xqv aTropaKpuvoq ttou £i\ £ to oqpEio O TTpiv otto xP° vo x ^ c * SoupE Kai 
rrcos £TTqp£a^£Tai q Kivqoq tou M Aoyco tou upoc; Ta apiOTEpa 8ia8i8op£vou 
KupaTOS- To Kupa outo 8qpioupy£i crro O Tqv Kivqoq x =x 0 r|pcot. Aoyco 
auTou tou KupaToc; to aqpEi'o O 0a ttpettei o£ k60e OTiypq va £X£i Tqv 
aTTopaKpuvar) Tqv OTToia ei'x£ to M TTpiv otto xpovo x/c. Auto oqpaivEi oti av 
r| E^iocoaq Ki'vqaqs TOU ° £ ‘ vai H x'=x 0 qpcot, q E^iocooq Kivqoqc; TOU M 0a 
TTp£TT£i va dvai q XM=Xoqpco(t+x/c). To oqpEio M ouppETEX^i opcoc; Kai otis 
8uo KivqoEis p£ ouv£TT£ia r| e^iocooq Tqs Kivqoqs tou va dvai 

S=x M +x M n ^xonM^O - -) +x 0 n^( t+ £) 

Av KavoupE ti<; Trpa^£i<; 0a ttpokucJjei 

£-2aouv(-^-)qpcot q 

£=Aqpcot p£ A=2aouv(-^-) 

H E^iotooq auTq pas aTTOKaAuTTTEi oti 
oAa to oqpEia tou p£oou ekteAouv appovi- 
kes TaAavTcboEis p£ TrAdTq to ottoi'o E^ap- 
tcovtoi otto Tq 0£oq touc;. 

flpoKEiTai yia pia iSiahxpq KaTaaTaoq 
TaAavTCOOECOv tcov uAikcov aqpdcov tou p£- 
oou koto Tqv ottoio 5ev |j£Ta8i6d^£Tai 
£V£py£ia 8ev UTrapxci 8 qAa 8 q to 6ooiko 
yvcbpiopa £vos KupaTO^. H KaTaoraoq au- 
Tq A£y£Tai «TaAdvTcooq OTaoipou kujiotos» 
q aTrAa «oTaaipo Kupa». 

AvapEoa ora oqpEia tou eAogtikou p£- 
oou 8iaKpivoup£ oqp£ia Ta OTToia 8iaTq- 
pouvTai ouvExcbs aKivqTa Kai AEyovTai 8£- 
opoi. AiaKpivoupE ETTioqs tis A£yop£V£S koi- 
Ai £<;, x a P aKTr IP ,GrTIK< ^ SqAa8q oqpda to 
OTT oia TaAavTEuovTai p£ to p£yaAuT£po 
ttAotos (2a) aTro oAa Ta uttoAoitto. 
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H eJpocooq A= 2 aauv(oox/c) E-ni 6 e 6 aicbvE! Tqv UTrap^q Seapcbv kqi koiAicuv 
K ai pac; ettitpettei va arroSEi^oupE oti 

а) q aTrooTaoq 660 6iaSoxiK(bv 6 e- 
apcov — ottgx; Kai q aTTOOTaaq 6uo 
8ia6oxiK(bv koiAioov — Eivai OTa 0 £pq 

' Kai iaq p£ to pioo (A/2) tou pqKouc; 

Ka0£vos otto Ta Suo oup6aAAovTa 
KupaTa. 

б) q aTTOOTaaq Ka 0 £ SEopou omo 
Tqv ETropEvq KOiAia Eivai OTa 0 £pq Kai 
ioq p£ A/4. 

H Efj'acoaq £=2aauv(e»t/c)qpuM: pac; ettitpettei va aTTo8ei£,oup£ on (i) to 
pETa^u 6uo 6ta6oxiKd)v SEopcov oqpEia BpIotcovTai SiapKax, oe uupcpuwia 
cpaoqq, £vcb (ii) to oupptTpiKa ax; TTpoc; Eva Stapo oqpEia SpiaKOVTai 

SiapKcix; oe avn 0 £oq cpaaq<;. 

/OAa to TTapaTravoo ioxuquv yia 
KupaTa EyKapoia. Mia avaAoyq kotoi- 
crraoq ioxuei Kai yia 5iapqKq Kupa-ra. 

iTqv Ttpa^ti pia tetoiou ei'Souc; oup 
80 Aq piTOpEi va TrpaypaTOTTOiq 0 Ei ko- 
to Tqv Ka 0 ETq TTpoarmooq evqc; Kupa- 
to<; oe «£pTTo6io» Kai Tq ouvaKoAou 0 q 
avaKAaaq tou. Ka 0 a><; to Trpo<; to 
E pTToSio 6ia6i6opEvo Kupa oup6aAA£i 
pE to avaKAobpEvo, SqpioupyEiTai Ta- 
AavTooaq OTaoipou Kupanx;. 

OAa to TTapaTTavco ioxuouv yia 
KupaTa EyKapoia. Eva avaAoyo cpai- 
vopEvo oupBaivEi Kai p£ SiapqKq Ku- 
paTa. 

Ie TTapa ttoAAec; ttepitttcooek; q Trapayooyq pouoiKoov qx a)V ocpEiAETai oe 
raAovTOJOEK; OTaoipou Kuparoc;. Tooo OTqv TTEpiTrToooq evoc; BioAiOTq 
aoAioTa oe pouoiKo kovtoepto oao Kai arqv TTEprrmjooq evoc; 6ioAiT^q ttou 
Trai^Ei oe Travqyupi vaJpconKo, q TaAavToooq OTaoipou KupaTOc; Eivai q 
povaSiKq Trqyq tou TTapayopEvou qxqTiKOU Kupanx;. 
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AvaKAaor| 

Ektoc; otto opiopEVEc; auToSuvapsc; TTqyEt; — avapEaa otic; ottoiec; o qAioc;, q cpAoya, 
q TTuyoAapTTi6a Kai to TTupaKTcopEvo vqpa tou qAEKTpiKOU Aapirrqpa arroTEAouv 
XapaKTqpioTiKa TTapaSdypaTa — Ta TrepioooTepa avTiKei'peva Ta 6ArrToupe rnriSq 
avTavakAouv to tpto^ ttou mtpTEi tTavco tou$. Ka 0 £ cpopa ttou to 900c; tte9tei TTavco 
o£ pia £TTt 9 av£ia koto eva ttooooto avTavaKAcrrai oTrcooSqTTOTE. 

H avaKAaaq tou 900TOC; TTavco oe eiSikec; «KaTOTTTpiK£c;» ett^oiveiec; exei oa 
ouvETTEia va SqpioupyouvTai d 5 coAa oav aura ttou 6Aettou[J£ p£aa otto touc; 
Ka0p£9T£c;. O NapKioaoc; Tqc; EAAqviKqc; pu 0 oAoy(ac; EpcoTEUTqKE p£ TTa 0 o<; to 1610 
tou to eiScoAo ttou eBAette va Ka 0 p£ 9 Ti£Erai oto aKivqra v£po. 



Oi vopoi Tqc; avaKAaaqc; 

Tpeic; TTEpiTTOu aicbvEc; TTpiv otto to XpiOTo o EuKA£i'8q<; TTapouaiaoE pia 
TTEpiypacpq Tqc; avaKAaaqc; oe «yAcbaaa y£cop£TpiKq». Ie Suo otto Ta Epya 
tou — oto Otttikg koi oto Kgtotttpikg — TTapouaia^Erai to povteAo Tqc; 
cpcoTEivqc; aKTivac; to ottoio aKopa Kai oqpEpa aiTOTEAEi SaoiKO EpyaAeio Tqc; 
rEcopETpiKqc; OiTTiKqc; Tqc; ETnoTqpqc; 8qAa8q ttou XPH 0 ^ 07101 ^ Tr l rscopETpia 
yia va TTEpiypacpEi Tq aupTT£pi9opa tou 9<jot6c;. Ira Kgtotttpikg Epcpavi^E- 
Tai Kai Evac; «vopoc;» yia Tqv avaKAaaq tou 9<jotoc;. Tia va ETraAq 0 £uooup£ 
to vopo auTO TTEipapaTiKa, xpEia^opaaTE pia AETrrq 9C0TEivq 8£apq q ottoio 
0 a ottoteAeoei Tqv £Tn8ia>K6p£vq TrpooEyyiaq oto povteAo Tqc; «aKTivac; 
9<jotoc;». XpqoipoiTOioupE ETrioqc; Tqv ETTicpavEia evoc; Ka 0 p£cpTq Kai tic; 
evvoiec; ycovia TTpOGTTTcoGqc; Kai ycovia avaKAaaqc;. H TTpooTq otto aura; Eivai 
q ycovia ttou axqpaTi^Ei q TrpooTNTTTOUoa AETTTr^SEopq (aKTiva) p£ Tqv 
Ka 0 £To oTqv avaKAcbaa KaTOTTTpiKq £TTi9dv£ia. H 
ycovia ttou 0 a 8qpioupy£irai otto Tqv avaKAcbpEvq 
aKTiva Kai Tqv 181a k& 0 eto Eivai q ycovia avaKAaaqc;. 
To TTEipapa ettiBeBoicdvei auTO ttou laxupi^Erai Kai o 
EuKAeiSqc; oTa Kgtotttpikg. H ycovia TrpooTTTcoaqc; 
Eivai TravTOTE ioq p£ Tq ycovia. avaKAaaqc;. 

ATTO TO 1810 opcoc; TTEipapa aiTOppEEl Kai Eva OUpTTE- 
^aapa to ottoio ttoAAouc; aicbvEc; apyoTEpa ETTioqpai- 
vei crrq AionrpiKq tou (Dioptrique, 1637 ) Kai o KapTE- 
0109 H avaKAcopevq aKTiva GpioKETai ttcivtote oto 
ettitteSo TTpooiTTCoaqc; oto ettitteSo SqAaSq ttou opf^E- 
Tai otto Tqv TTpoaTrmTOuaa aKTiva Kai Tqv k 60 eto 
OT qv KaTOTTTpiKq ETTicpavEia. 




Av 0!— 0 av 6qAa6q to <pco^ 
TTpOOTTEOEl Ka0ETO OTr]V 
avaKAaoTiKr| ETr^aveia, 
0a Eivai Kai 0^=0 To cpco<; 
0a avaKAaoTEi ucpicrrapEvo 
avTioTpocpq rr|S cpopat; 

TOU. 



AvaKAaop 4-17 



KaToiTTpiKq avaKAaoq Kai 5iaxuoq 

H avaKAaoq opa><; otouc; KaOpecpTEt; Ei'vai pia EiSiKq TTEpmrcooq avaKAa- 
aqc; Tqv orrofa piTopoupE va xapaKTr|pi£oupe KaTOurpiKq. Mia aTTOKAeicrri- 
Ka tetoiou EiSout; avaKAaoq oupBaivEi Ecp' oaov q avaKAaoTiKq ETTicpavEia 





Aiaxuor] KaTOTrrpiKq avaKAaoq 

H au fjrrep 1 cpo pa pias TrapaAAqAqs cparravqs fjtapqs pas 6oq0a£i va KaTavoqooup£ Tq Siacpopa avapeaa ot 
6iaxuoq Kai KaTOTrrpiKq avaKAaoq. 

Eivai aTroAuTco^ Asia Kai oTiATrvq. 'OAec; opcot; 01 ETricpavEiEt; exouv koitoiec; 
avtopaAiEc; Kai 01 TrpooTrnrrouaEt; oktivec; avaKAcovTai Travto oti<; avoopaAiEt; 
aura;. Ka0£ cpcoTEivq aKTiva uttokouei otouc; vopout; Tq<; avaKAaoqc;, aAAd q 
avaKAcbpEvq cparrEivq 6£opq Epcpavi^ETai 
va 5iaxccTai TTpot; oAec; tic; koteuOuvoek; 
p£ auvETTEia va cp0avouv cpamivEt; oktivec; 
ora poma pat; avE^apTqTa otto to p£ 

Troia ycovia KOiTa^oupE Tqv ETTicpavEia. H v 
yEviKq auTq TTEprnToooq avaKAaoqt; tou 
cpcoToc; ottoteAei to (paivopevo Tqc; 8idxu- 
oq<; X apH 070 oitoio pTTopoupE Kai 6 Ae- 
TToupE Ta ETEpoqjcoTa ocbpaTa. AKopa Kai 
aTqv ttio Asia ETTicpavEia Eva ttooooto cparrot; 0a avaKAacrra SiaxuTa. 
MiTopoupE opcot; va ex oup£ pfa iKavoTroiqTi Ka KaTOTTTpiKq avaKAaoq Ecp' 
oaov 01 avcopaAiEt; Tq<; ETricpavEiat; exouv pEy£0ot; Tq<; Ta$q<; tou pqKou<; 
KUpaTO^ TOU XP1 ai l J0TT0l0 ^l J£V0U CpCOTOS- 

EiScoAa otto avaKAaoq 

Kara ti<; KaTOTTTpiKE*; avaKAdoEit; axqpom^ovTai, ottcoc; ErnapE, Kai Ta 
AEyopEva Ei8coAa otto avaKAaoq. Xto TrAaioia Tq<; Trapa5ooq<; ttou Sqpioupy- 
yq0qK£ otto to Epyo tou EukAei'Sh, pnopoupE va TTEpiypaipoupE to 
cpaivopEvo a e yAcboaa yEcopETpiKq. 

fia va KaTavoqooupE opcot; KaAuTEpa to oAo ^lyrqpa xpsid^ETai ektoc; otto 
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Tr|v Evvoia Tqc; <pcoT£ivr|<; aKTivac; va aTToaacpriviaoupE kcxi Tr)v Evvoia Tq<; 
cpa)T£ivr|^ 5£anr|c;. 




cDa>T£ivc<; 6 eo|J£c;. Mia cpcoTEivq f>£apr] dvai £va ouvoAo tparmvcbv aKTivoov. 
Ecp' oaov 01 oktivec; r\ 01 y£<jop£TpiKE<; upoEKTaaeic; rout; TEpvovTai oAe<; oe £va 
aripEio, r| 5 £apr| xapaKTqp(^£Tai OTiypaTiKr| kqi to aqp£io OTiypa (Ecma) ir\<; 
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Ssapqc;. Mia onypaTiKq Ssopq 6a ei'vai ottokAivo uoa tcp' ooov 01 oktivec; 
TTpoepxovTai otto to onypa (EOTia) 8£opq<; q auyKAivouoa E(p ooov 01 




ATTOidivoooa Scopr] luyiAivouao. 6Eopn nc.paWi.yn ftcmypamil 

(KuAivSpiKq) otopn 

SEopqj 



oktivec; KaTE0ovovTai Trpoq Tr|v eoTia Tqc;. Orav oto avBpamrvo pan 
TrpooTTEOEi 8£opq aTTOKAi'vouoa, o TTapaTqpqTqc; £KAap6avEi ax; cparrEivo 
oqpsio tp)v Ecrria Tqc;. H ouyKAivouaa 8£opq yfvETai avTiAqTTTq auo tov 
dvBpuvrro p£ Tr| 6oq0£ia evoc; TTETaapaTOc; (o0ovq<;) TOTTO0£TqpEvou OTqv 
EOTia Tqc;. To cpax, «EOTiaZ;£i» Travoo oto TtETaapa Kai SiayEETai, ottote otov 
TTapaTqpqTq SqpioupyEiTai q avnAqipq cpaiTEivou OTiypaToq TTava) oto 
TTETaopa. 

Mia EiSiKq TT£piTTTtoor| oTiypaTiKriq 8Eopqs H ottoio 6 ev KaTaxcopEiTai oute 
OT iq ouykAi'vouoes oute otic; aTroKAfvouoEq Eivai r| KuAiv8piKq (TTapaAAqAq) 
SEopq cparroc; Tqc; ottoioc; rj sona 0£a>pEiTai oto cnTEipo. 

Ol CpCOTEIVEC; TEAoq SsapES TTOU 8 EV Ei'vai OTiypaTIKES X a P aKTr IP^ OVTal “S 
aonypaTiKEq. 

EiriireSq KaTonTpiKq EintpavEia. Ac; cpavTaoTOupE Eva cpa>TEivo oqpEi'o A 
pTrpooTa oe KaBpEcpTr) (KdTOTrrpo) ettitteSo Ka0co<; Kai £vav TTapaTqpqTq. To 
cparravo oqpEio A ottoteAei Eorfa aTTOKAivouoac; 86opqc;. Ka 0 £ aicriva Tqc; 
8£opqc; TTOU TT pOCnTITTTEl OTqv ETTICpCXVEia OVOKAaTai OUp-FTEpiCpEpopEVn p£ 
UTraKoq upoc; tou<; vopouc; Tqc; avaKAaoqc;. 0£a>poup£ (oxqpa) pia otto tic; 
avaxAcopEVEc; outec; oktivec;. ®£pop£ Kai Tqv kctBeto Ax Trpoc; to £Tr[TT£8o Tqc; 
avaKAaonKqc, ETTicpavEiaq. Av ouv8ua- 
ooupE touc; yvaxrrouc; vopouc; Tqc; 
avaKAaoqc; p£ oxetikoi 0£a>pqpaTO 
Tqc; EukAeiSeioc; recopETpiac; pTTopoups 
va aTTo8£i^oupE oti q yECopETpiKq 
TrpoEKTaoq Tqc; avaKAcopfivqc; aKTivac; 

(R) TEpvEi Tqv kcdiBeto Ax oto oqpEi'o A' 

TTOU Eivai OUppETpiKO TOU A CDC; TTpOq 
to etti'tteSo Tqc; kot ottt p i Kq ETTicpa- 
VEiaq. Ito ettitteSo TTpoaTTTCoaqc; (oxq- 
pa) oto ottoio avqKEi koi q avaKAcopE- 
vq aKTi'va R, ioxuei 

a) Zupcpcova p£ to vopo Tqc; avaKAa- 
oqs 0 i= 0 i 
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8) Aoya) tt|<; TrapaAAqAia<; Tqc; AA' ps Tr|v koBeto oto oqpEio (I) 
upooTTTCjoaqc; 0 n =IAA Kai 0i=IA A. 

Atto to TrapaTravco ouvayETai oti IAA'=IA'A. To Tpiycovo IAA' Eivai Aoittov 
ioookeA i<; apa to uipo$ IH 0a Eivai koi 8iap£oo<;. Koto ouvETTEia Ta A Kai A" 
£ivai co<; TTpo<^ Tqv £TTiTT£8r| ETTicpavEia ouppsTpiKa. 

'OAa aura acpopouv orqv Tuxaia avaKAcopsvq aKTiva apa Kai oe k&0e 
aKTiva avaKAcbpsvq. To AoyiKO oupiTEpaopa Eivai oti oAec; oi avaKAcbp£V£(; 
oktivec; 0a ouviotouv 8sopq aTroKAivouoa p£ soria {A') q ottoio (i) 
8qpioupy£irai otto tic; ttpoektooek; tou<; Kai (ii) sivai ouppETpiKq co<; Trpo<; to 
cpa>T£ivo oqpEio A. H 8sopq aorq 0a Sqpioupysi otov TTapaTqpqTq Tqv 
avnAqipq evoc; ei8coAou ttou BpioKErai «ttioco» otto tov Ka0pscpTq Kai AsyErai 
CpaVTaOTIKO dStuAo TOU CpCOTEIVOU OqpElOU A TO OTTOIO OTqV TTpOKEipEVq 
TTEpITTTCOOr] OTTOTeAeI EVa TTpaypOTIKO aVTIKEipEVO. 

Ecp' oaov to avTiKEipEvo exei SiaoTaoEi^, 6 ev 
E ivai 8qAa8q oqpsiaKo, to cpavraoriKO ei'ScoAo 
koc0e oqpsiou 0a 6piOK£rai oe 0soq ouppETpi- 
KP| CD<; upoc; TO OrjpElO OTTO TO OTTOIO TTpOEpX^ - 
Tai to cpax;. 

To pqvupa ttou psracpEpsi to avaKAcbpsvo 
cpcoc; oto porn tou TTapaTqpqTq Eivai oti 
eiSooAo Eivai «KaTOTTTpiKa aupp£TpiKO» to<; 
Trpoc; TO aVTIKEipEVO. Orav 6p£0oup£ piTpo- 
ora oe ettitte8o Ka0pscpTq to eiScdAo pa<; 
poia^Ei GsBaia ps auTO ttou EipaoTE. Av opco^ 
OsAqooupE va aqKcoooupE to apioTspo pac; 
X£pi, to ei8o)A 6 pa<; «0a oqKcbo£i» to 8e£i x^p> 

TOU. 

XcpaipiKq KqTOTFTpiKq ETTKpavEia. Av q koto- 
TTTpiKq ETTicpavEia Eivai ocpaipiKq* to cpavra- 
otiko ei8coAo 0a Eivai piKpoTEpo q pEyaAuTEpo 
aTTO to avTiKEipEvo, avaAoya p£ to av q avaKAaoq tou cpayro<; yivErai oe 
ETT icpavEia KUpTq q KofAq. 

Ira Kupra ocpaipiKa KaTOTTTpa to ei8o)Ao evoc; cpcoTEivou avTiKEipsvou 
oxqpaTi^ETai TTavra cpavraonKO aAAa piKpoTEpo oe p£y£0o<; otto to 

aVTIKEipEVO. 

Ira koiAo ocpaipiKa KaTOTTTpa to cpavraoriKO eiScdAo, to ottoio 0a 
pTTopouoapE va Soups psoa o' aura, Gxqpan^ETar povo scp' ooov to 
avTiKEipsvo Eivai kovto arqv KaTOTirpiKq ETTicpavEia, oe aTTooraoq 8qAa8q 
piKpoTEpq otto to pioo Tq<; aKTiva*; KapTTuAoTqTa^ Tq^ ocpaipiKq^ ETTicpa- 
v£ia^. To e(8<joAo ttou 0a axqpan^ETai o' auTq Tqv TTEpmTCoaq Eivai 







* lax^ouv yia oqiaipiKa KaTOTTTpa piKpou avoiypaTos, p£ya\r|<; SqAaSi 4 ! aKTiva*; KapTTuAoTr|Ta<; ae axcoq pe 
to peytQot; tou*;. 
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pEyaAuTEpo otto to avTiKEipEVO. iTqv avTi' 0 £Tq TrEpmrcoaq 6 ev oxqpom^ETai 
£i6coAo ttioco otto tov Ka 0 p£(pTq, 6 ev SqpioupyouvTai SqAaSq avaKAcbp£V£<; 
oktivec; aTTOKAivouoa(; S£opq<; 01 Trpo£KTao£ic; tcov ottoicov va avTioroixouv 
0£ £i6coAo cpavTacrriKo. To eiScoAo axqpaTi^ETai P'npocrra otto tov Ka 0 p£cpTq 
crrqv TT£pioxn 6qAaSq ottou uTTapxEi cpto<;. IxqpaTi^ETai otto ouykAivouoe<; 
6£op£<; Kai pTropoups va to «avixv£uaoup£» av crrq 0 £oq aKpiBcb^ ttou 

OX npOm^ETOM CppOVTIOOUpE VO 66AOU- 
p£ Eva KaTaAAqAo TTETaapa. Auto to 
£ 160 ^ eiScoAou Aeyetoi TTpaypaTiKO. 

A VTI K£I|J £ VO OTO OTTEIpO. Me TqV TTEI- 
papaTiKq EpEuva SiaTTiaTcbvETai kou 
p£ Tq 6oq0£ia Tqc; EukAei5io«; TECopE- 
Tpia<; aTroSEiKvuETai oti av oe Ka0£va 
aTro to Tpia eiSq KaTOTTTpcov ttou 
avacpEpape TrpocmEOEi TrapaAAqAq 
(KuAivSpiKq) SEapq cpcoTo<; 0a aup- 
6 ouv Ta E^qc;. 

Avai<Aaor| oe koiAo KdtTOTTTpo piKpou avoi'Yporrot; 




a) Ie ettitteSo koto- 

TTTpO. 

H avaKAcbpEvq SEapq 
0 a TrapapeivEi TTa- 
paAAqAq. 



6 ) Ie KUpTO KOTOITTpO. 
H avaKAcbpsvq SEapq 
0 a Ei'vai aTTOKAfvouoa. 
To cpcoc; 0 a cpaivETai oti 

TTpOEpXETai OTTO Eva 
OqpElO TTIOCO aTTO TOV 
Ka0p£cpTq. 



y) Ie koiAo KaTOTrrpo. 
©a TrpoKuipEi 6 Eopq 
ouyKAfvouoa. MTTopou- 
pE KaT' aUTO TOV TpOTTO 
va EGTiaooupE Kai to 
qAiaKO cpax;. H Ecrnaoq 
ETTiTuyxavETai Kai ps 
KoiAa TrapaBoAiKa Ka- 
TOTTTpa. 







H i6toTr|Ta tcov koiAcov KaTO- 




TTTpcov va EOTia^ouv to qAiaKO 




cpco^ qTav Y va30T n aTT ° Tr l v 




apxaiOTqTa. H Trapa8oor] ava- 




cpepEi oti koto Tr| SiapKEia piac; 




TToAlOpKiaS TCOV lupaKOUOCOV o 




Apx«pn 6 ns xpn° | i joTToi( * )VTa s 




KOlAoiH^ KaSpECpTECJ TTpOKaAEOE 




ora EX0piKa pcopaiKa oKacpr) 




TTUpKaYIES- 




TKpa6oupa too 1572. 









422 In KujjciTa 



H apxn Tqc; avTiOTp£TTTr|^ Tropdac; 
tou cparroc; 

To aqpdo cxro ottoio eotic^ei r| TTpocrrrrrrrouoa a£ koiAo KaTOTrrpo 
KuAivSpiKq Sdjpq aTTOTEAd pia Ecrna tou KaTOUTpou. Av oto oqpEio auTO 
TOTTo0£Tr|ooup£ pia oqpsiaKq cpcoTEivq TTqyq q aTroKAivouoa Ssapq ttou 0a 
£KTrop£U£Tai otto auTqv 0a pETaTpaiTEi (pETa Tr|v avaKAaaq Tqc;) o£ Sdrpq 
KuAivSpiKq. Me rrapaBoAiKa KaTOTrrpa Kai p£ evteAcdc; avaAoyo TpoTro 




SqpioupyouvTai 01 KuAivSpiKd; cptoTEivd; SdrpEc; otouc; TTpo8oA£iq (pocKpiva 
cpd)Ta) tcov auTOKivqTcov Kai tcov potogikAetcov. Kara Tq 5fd8ooq tou 
cpcoToc; 5£xopaaT£ — y£viKd)T£pa — 6 ti igxuei q AEyopEvq apxq Tqc; avTicrrpE- 
TTTqc; TropEiac;, oupcpcova p£ Tqv ouoia to y£co/j£rp//co oxqpa rq<; nopei'a 9 
piac; (pcoT£ivrj$ aKTiva 9 5e peraBaXAETai av avriorpacpzf q cpopa rqt ; 
5ia5ooq< >. 




AvaKAaaq tcov Kuporrcov 

H avaKAaaq Eivai eva yeviko cpaivopEvo ttou Epcpavi^ETai oe Ka0£ eiSoc; 
KupaTOc;. Togo Ta KupaTa EAaaTiKOTqTac; 600 Kai ra qAEKTpopayvqTiKa 
KupaTa oTav 6p£0ouv pTTpoGTa oe kchtoio epttoSio avaAcbvTai. H svvoia Tqc; 





AvokAq at] 423 



KupaTiKqc; aKTivac; pa<; E^uTrqpETEi crro va 8iaTUTrcoooup£ «vopouc; avaKAa- 
oq<;» avTioToixou^ p£ touc; vopou<; Tqq avaKAaaq<; too cparroc; 01 ottoioi 
Eppqv£uovTai p£ 6aoq Tr|v apxq tou Huygens. 

H f\\6> Eivai cpaivopEvo ttou aup6a(v£i a£ ei8ike<; ttepitttcooek; avaKAaoqc; 
nX r l' r,KC ^ >v KupotTcov kqi ax£ Ti^£Tai p£ Tq cpuaioAoyia Tqc; avOpcoTTivqc; aKoq<;. 
Av £va^ av0pa>TToc; 8p£0£i a£ avoiXTq 
TT£pioxn — ottcoc; Eivai yia Trapa5£iypa 
pia AayKa6ia — kom cpcova^Ei 8uvara, 
dvai SuvaTOv va avTiAqcp0d Tqv £ttq- 
vaAnipq Tqc; cpoovq<; tou p£ Tqv Trpou- 
TTo0£aq on uTTapxti £pTro8io 0£ aiTo- 
crraar| TOoAaxiOTOv 17 pETpcov arro 
auTOv. To y£yov6<; ocpEiAETai o£ ava- 
KAaaq Ttov qxqTiKcov KupaTcov TTavcp 
crro EpuoSio Kai EppqvEUETai av Tra- 
poup£ utt' oipq pa<; (i) on o dvOpamoc; 

8iaTqp£i Tqv EVTUTrcooq evoc; povoouA- 
AaBou nx ou (nxn T1K ° p£Taio0qpa) etti 
XpOVO t M = 1/10 TOU S£UT£poA£TTTOU, (ii) 
oti q TaxoTqTa tou qx ou cftov aepa 
(c nx ) Eivai TT£piTrou 340 m/s Kai (iii) oti 
to xpoviko Siacrrqpa ttou aTraiTErrai 
yia va cp0aa£i o qx°S aTO £pTr6Sio va 
TrpooTTEO£i Ka0£Ta o' auTo va avaKAa- 
OTEI Kai va £TTIOTp£lp£l Eivai IOO p£ 

2x/c nx ottou x q aiTOOTaaq tou eptto8iou otto tov aKpoaTq. Av Aoittov 
2x/c nx >t m q x>c nx t M /2, av 8qAaSq x>17m, o avOpcoTTo^ 0a avTiAqq>0d tov 
otto avotKAaaq qxo acpou 0a exei q8q TrauoEi va ucpiaTaTai q aKouoTiKq 
EVTUTTCoaq Tq<; apxiKrp; EKcpcbvqoq^. 

PaSiocpcoviKa KupaTa p£ pqKoc; KupaTot; psyaAoTEpo otto Eva opio 
avaKAcovrai oTqv lovoocpaipa Kai ETTicrrpEcpouv OTqv ETricpavEia Tq<; fqc;. 
ETTiTuyxavETai KaT' auTo tov Tpono va cp0avouv oe psyaAEc; aTTOOTaoEicj 
Xcopic; oqpavTiKq £^aa0Evqaq. 

Ta paSioTqAEOKoma Eivai TEpaoTioi TTapaBoAiKoi «Ka0p£cpT£c; qAEKTpopa- 
yvqTiKcbv KupaTCOV» oi ottoioi exouv pia KEpaia-SEKTq crrqv EOTia touc;. A^ei 
e8co va ToviaoupE oti oi opaTd; oktivoBoAiec; otic; ottoie<; Baoi^ETai q ottti K q 
Ep£uva tou oupavou ouviotouv £va ttoAu piKpo cpaopa aKTivoBoAicbv. 
AvTi0£Ta Ta KoapiKot paSiOKupaTa ttou avixvEuovTai otto Ta pa8ioTqA£OKo- 
TTia r TTpoEpxovTai otto aopaTou<; paSioaaTEpEc; Siacpopcov oqpEicov tou 
faAa^fa Kai pac; p£Tacp£pouv pia p£yaAq TroiKiAia pqvupaTcov yi' auTOUC. 




424 Ta KujjaTa 




KoiAoi nxn T 'KOi avaKXaoTqpEt;, EqpioupYqpaTa 

T ns cpuons- 



KoiAoi nxn TIK 0' ctvaKAaoTr|p£^ SqpioupYqpEvoi 

OTTO TOV avBpCOTTO. 



Aia0\aor| 



Aia 0 Aaoq L^foTavTai oAcov tcov pop9cbv to Kupa- 
Ta. To 9aivo|j£vo 0 a ttpettei opco<; va TTapaTqpq 0 qKE 
yia TTpcoTP] 90pa oto 90)^. Eivai ttoAu TTiOavo o 
paKpivo<; pa<; rrpoyovo^ va TTapaTqpqoE kottote oti 
tva KaTaK0pu90 pa6Si ttou 8p(oK£Tai koto Eva 
p£pOCJ OTO V£pO Kai KOTO TO UTTOAOITTO E^CO OTTO OUTO 

9aiv£Tai oa va ex^i arraoEi. IqpEpa loxupiZppaoTE 
oti to 9aivop£viKo airro OTTaoipo 09£iA£Tai arq 
6ia0Aaoq tod 9cot6<;. 

To povteAo Tq$ 9C0TEivq^ aicnva^ aTToSEiXTqKE 
i 5 iaiT£pa aTTOTEAEapaTiKo crro va TT£piypa 9 Ei auTo 
to 9aivop£vo. iTqv Trpa^q to povteAo TrpooEyyi^ETai 
otto pia AETirq 9CDT£ivq Ssopq. YttoSetoupe oti pia 
aKTiva povoxptopaTiKou* 9 coto^ TTpooTThrrEi oTq 
SiaxcopioTiKq £TTi9av£ia 5 uo 6ia9avd)v pEocov (orqv 
ETTi9av£ia ev 6<; SiOTrrpou, ornot; ouvq 0 f^£Tai va Ae- 
yETai). Kara to TTEpaopa Tq<^ otto to TTpcoTO oto 8eo- 
TEpo peoo q 6 iEU 0 uvaq Tqc; aicnvac; pETaBaAAETai**. 




* riapaK6Tto 0a KaTavoqooupe Y ia ttoio Aoyo q aKTiva ttpettei va Ei'vai povoxpc^l-iaTiK^. 

** Auto Sev aupSafvEi av q TTpoonrcoaq y<vei k60eto OTq SiaxcopioTiKq ETticpaveia. 



AidOAaoq 425 



To cpaivopevo TTepiypacpeTai ttocjotikq |je t q 6oq0Eia 
tcdv Suo ycovicov ttou axqpaTi^Ei r| cpcoTEivq aKTiva |j£ Tqv 
koGeto oto oqpEio TTponTcoaq^, Tqc; ycoviac; TTpooTrrcoaqc; 
(0i) kqi Tqc; ycovfac; 8ia0Aaoqc; (0 2 ). 



Oi vopoi Tqc; 8ia0Aaaqc; 

To SEUTEpo aicbva pcra XpiOTOv o AAE^avSpivoc; FlToAEpaio^ SqpooiEuaE ttivckke^ 
ycoyicbv TTpoonTCjoaqc; koi 8ia0Aaaqc; too (parrot oto a£pa, to VEpo Kai to yuaAL 
MeAetcovtoc; oqpEpa to SsSopEva too FlToAEpafou Bya^oupE to oupTTEpaapa, oti 
TouAaxiOTOv yia piKpEc; ycoviEc; o Aoyoc; Tqc; ycoviac; TTpocrnTcoaqc; TTpo<; Tq ycovia 
Sia0Aaoq<; cpaivETai va Eivai OTa0£poc;. 'Opcoc; yia ycoviEc; pEyaAuTEpsc; tcov 20 poipcbv 
o Kavovac; 8ev iox^ei. O llToAEpaioc; EByaAE Aav0aap£va to oupTTEpaapa oti o 
Kavovac; icjxuei yia oAe<; tic; ycoviEc; Kai ottoteAei Eva vopo Tqc; SiaOAaaqc;. To etoc; 1000 
TTEpiTTOu p£Ta Xpicrrov o 'ApaBac; EpEuvqTqc; Alhazen (AAxo^ev) EpEUvebvTac; to 
cpaivopEVo Tqc; Sia0Aaaq<; UTrooTqpi^E oti q TTpoaTTmrouaa aKTiva q Ka0ETOcj Kai q 
8ia0Acbp£vq aKTiva BpiOKOVTai ttocvtote oto i'8io ettitteSo. H TTpoTaoq auTq airoTEAEi 
tov TTpcoTO vopo Tqc; SiaOAaaqc;. O vopoc; opcoc; ttou 0a ouoxeti^e tic; ycoviEc; 
TTpooTTTcooq^ Kai SiaOAaaqc; eix^ ^ccpuyEi Kai otto outov. rioAAouc; aicbvEc; apyoTEpa 
pia Epyaaia tgu Kepler Travco oto i8io ^qTqpa uTTqp^E avETTiTUxqS- 

O vopoc; avaKaAucpOqKE teAiko otto tov OAAavSo Snell (IveA 1591-1626). Xto 1621 
lOxupiOTqKE oti oe Ka0£ SiaOAaaq outo ttou SiaTqpeiTai crraOEpo 8ev Eivai — ottcoc; 
eiX£ UTTOOTqpi^Ei o llToAEpaioc; — o Aoyoc; tcov ycovicov, aAAa o Aoyo<; tcov qpiTovcov 
tcov 8uo ycovicov. O vopoc; Snell* ottoteAeoe Eva otto Ta mo oqpavTiKa EpEuvqTiKa 
oupiTEpaopaTa Tqc; ETTOxqs EKEivqc; Kara Tqv onoia q ETTicrrqpq exei apxioEi va 
ouvEiSqTOTTOiEi tic; SuvaTOTqTEc; ttou Tqc; TTapEX£i q pa0qpaTiKq yAcoooa OTq 
SiaTUTTCooq tcov aupTTEpaapaTcov Tqc;. METpqaEic; ttou yivovrai p£ ouyxpova opyava 
ettiBeBoicovouv oti o Aoyoc; tcov qpiTovcov Eivai TTpaypaTi crraOEpo^, avE^apTqrac; 
SqAaSq otto Tqv Tipq Tqc; ycoviac; TTpocnrrcoaqc;. Koto Tqv ETTOxq BeBqio tou Snell 
Kapia E^qyqoq 8ev pTTopEi va SoOei o' outo to yEyovoc;. riEpaoav apKETEc; Sekoetiec; 
pEXpi va EpcpavioTEi pia iKavouoiqTiKq 0Ecopia ttou va TipoacpEpErai yia Tqv Eppqvsia 

TOU. 

Auto EyivE oto 1690. Ito BiBAio tou «npaypaT£ia yia to cpco<;» ttou KUKAocpopqoE 
EKEivq Tq xpovia o ETTioqc; OAAavSoq Huygens (X6ixev<;) Siotuttcooe ottcoc; EiTTapE pia 
KupaTiKq 0Ecopia yia to cpcot; Kai TTpOTEive Tq yvcoorq «apxq» yia Tq SiaBooq oAcov 
tcov KUpaTcov. Me 6c3(oq Tqv apxq Huygens Kai psoa aTro yccopETpiKOuc; ouAAoyiopou<; 
cp0avoup£ oto oupTTEpaopa oti o Aoyoc; tcov qpiTovcov tcov ycovicov Eivai faoc; p£ to 
Aoyo tcov fbtx UTI 1 TCj0V SiotSoaqc; tou cpcoTo^ oto 8uo Siacpavq psaa, avc^apTqToc; 
ouvettcoc; otto Tq ycovia TTpocnrrcoaqc;. 




* O Snell 5ev 6q(joaieuaE ttote to oujjTTEpaofjaTa tou. O vopo<; 6rj|jooiEUTr|KE pepiKa xpovia apyoTEpa otto 
TOV KapTEOlO. 



42ft Ta Ku^iOTa 



H SiaTUTrcooq tou vopou Tqs 6ia0Aaaqs eScooe Tqv TTpayrq 0£copqTiKq KaAutpq 
gtous KaTaaK£uaaT£c; omiKcov opyavcov 01 ottoioi pfXP 1 tote Epya^ovTav povo 
£pTT£i piKG. O avTiKTUTToc; gtis TTpoa7Ta0£i£S yia Tqv KaTavoqaq TCDV CpaKCOV KOI OTl^ 
£p£UV£c; yia Tqv TEAEiOTroiqoq tous urrqp^E oqpavTiKOS- 
Togo o Huygens 600 Kai o Snell qrav OAAavSoi. Kai Sev Eivai oupTrrcopaTiKo oti o 
ETrioqs OAAavSos Leeuwenhoek (AeGevxouk), Gaai^opEvos oto p£y£0uvTiKO cpaKO ttou 
X pqoipoTToiouoav oi ucpavToupyoi yia va e^eto^ouv Tqv TroiOTqTa tcov ucpaapaToov, 

KGTaOK£UaO£ TO TipCOTO ETFIGTq pOVIKO piKpO- 
okottio pe to otto 10 avaKaAuipE £vav KaiVOU- 
pio KOOpO; TOV Koopo TCOV piKpoGlCOV p£OQ G£ 
pia GTayova vEpo. 

'Evas aKopa OAAavSoe; o Lippershey (Am- 
TT£pGi) £CpTia^£ TO 1608 TO TTptOTO TqAEGKOTTIO. 
'Eva Trapopoio tpAeokottio xpq^iponrofGE to 
1609 o EaAiAaios yia va £p£uvqo£i to oupavio 
GTEpEcopa Kai va SiaKpivei yia TTpdrrq cpopa 
tic; rjAiaKEt; KqAf5£c; tic; cpaoEis Tqs AeppoSiAqs 
Kai tous TsaoEpis Sopucpopous too Aia. H 
ETTioTqpq eixe TTia SpopoAoyqBd oe Spopous 
KaivocpavEic;. Arro 600 Kai TTEpa pxav oe 0Eoq 
va iTpo£KT£iv£i Tqv avGparmvq opaaq gtg 
G aoiAeia iou aTrdpcos pEyaAou Kai tou aiTEi- 
poos piKpou, d;ep£uvo>vTas togo tov aopaTo, 
pc yupvo pom, Koopo tcov ^covtovcov opyavi- 
opoov 600 Kai tov miaqs aopaTO Koopo toov 
oupavcov. 

H OAAavbiKp AqpoKpcma tou 17ou aieova pTav pia otto tis Suoikec, «TrpooTayu:>viaTpi£s» 
Tqs ETToxpS twv GaAaooitov E^EpEuvqoEoov. Ektos opens otto ptyaAq vauTiKp 5uvapq to 
T rAoia Tqs oTroias Ta^iStuav oto nipotTa too Koopou, q OAAav&fa EKEi'vqs T HS cttoxPs pTav 
koi q X^P 0 TTOU ooTraarqKe TrepiaooTEpo i'ocos otto kq0e aAAq tov EupcuTraiKO Siacpooxiopo. 

H OAAavSia — OaAaaoia Suvapq Kai q «aAAq» OAAavbia to koAAitexviko koi ttveupotiko 
K£VTpo Tqs ettoxPs aTTOTeAouaav evvoiES aAAqA£v&ET£S- H GEATicooq tcov ttAoicov aTraiTouoE 
TsxvoAoyiKES TTpooSous Kai q GEATieooq Tqs TexvoAoyias ei'x £ avayKq otto EAEuGepq 
Siadvqoq iSegov. 'Etoi q ETTavaoTaTiKp OAAav&iKp &qpoKpaTia tou 17ou aieova EyivE q 
TTpdbTq X<.opa oe ekSooeis koi ircoApaEis 6i6Akov ETTiTperrovTas Kai tis peTacppaoEis kqi 
ek 66 o£is BiGAicov aTrayopEupEvoov oe aAAes x ( hp £ S. H SiEupuvoq tou yEcoypacpiKou opiE,ovTa 
oqpaivE Kai SiEupuvoq tou TTVEupaTiKou. I' tvav aicova ttou oAos o Koapos £i'x £ yia 
KuGEpvpTES auTOKpaTOpES koi BooiAeis q OAAav8fa KuBtpvioTav otto to Aao Tqs- H SiaxuTq 
£A£u0Epia Tqs OKEipqs Kai q EvOappuvoq Tqs TTveupaTiKps TTpoaTTaOeias KaAAiEpyqoav pia 
vooTpOTTta EpTTiaToouvqs otov dvGpcoTTo Kai oto Epyo tou. ZTqv iTaAia o TaAiAafos Kai o 
Bruno (MiTpouvo) Tipcopq0qKav oKAqpa yiaTi ToApqoav va OK£cp0ouv. iTqv OAAavGia o 
Huygens Tipp0qK£ Kai 5o^aaTqKE. 

AiKaia 0a pTropouoauE va laxupioroupE oti to epoos aupBoAf^Ei auTp Tqv ettoxP- ^Tqv 181 a 
Tq Ae^r] «5iacpcoTiapos» to epoos EKcppa^ei Tqv £A£u0£pier Tqs aKEipqs- To epeos Eivai Trapov OTq 
^eoypa 9 iKp i&iaiTEpa errous E^aioious ttivgkes tou Rembrandt (pEpTrpavT) koi tou Vermeer 
(BEppip), oto Epyo tou Snell yia Tq 5ia0Aaaq, OTqv avaKaAuepq tou piKpooKomou koi tou 
T qAEOKOTriou Kai ctto Epyo tou Huygens tou BepeAieoTp Tqs KupaTiKps Gteopi'as. 
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Me p£Tpr| 0 £L<; ttou Trap0r|- 
Kav G£ £pyaoTr|pio SiaTTicrra)- 
0r]K£ oti TTpOKEipevou yia pi- 
Kpec; ycoviec; — o riToAepaioc; 
6ev £ix£ oSiko. Ei'xe opax; aSiKO 
yia ycovie^ tt poaTTT coor| peya- 
AuTepe^ tcov 20°, evco Kai ae 
aux£<; ti<; TrepiTTTcbaeK; r| au- 
pTTEpicpopa tou SiaSAtopevou 
90 )to^ urraKou£i oto vopQTou 
Snell. Oi p£Tpr| 0 £i(; avacpepo- 

VTOH OE pOVOXpCOpaTIKO CpCO^ 
TTOU TT£pVO(£l OTTO TOV CtEpOf G£ 

TrAe^iyKAa^. 




0 n (a£ pofpECj) 


3 


6 


9 


15 


20 


30 


40 


50 


60 


70 


80 


0 2 (o£ poip£<;) 


2 


4 


6 


10 


13,25 


19,75 


25,5 


31 


32,25 


39 


41 ,5 


0V02 


1,50 


1,50 


1,50 


1,50 


1,51 


1,52 


1,57 


1,61 


1,70 


1,79 


1,93 


npOVnpOj 


1,485 


1,50 


1,485 


1,49 


1,49 


1,48 


1,49 


1,49 


1,50 


1,49 


1,49 



AeiKTqc; 5ia0Aaor|c; 



IUVOl|JI^OU|J£. A<^ UTTO 0 £GOU(J£ oti povoxptopaTiKO cpco^ Sia 8 i 8 £Tai OTTO 
Eva Siacpavd; peao M-i Trpos eva aAAo 6 iacpa vi<; peao M 2 . lupcpcova pe to 
S£UT£ po vopo Tq<; 8 ia 0 Aaar|c;: 

O Aoyo<; tcov qpiTovcov toiv ycovicov TrpocmTcooq^ Kai SiaGAaoqs dvai 
crraGepo*;, av£$dpTr|To<; 6r|Aa5q otto t q ycovia Trpoanrcooq^. 

O OTa 0 £po(; auTO(j Aoyoc; ovopa^rrai ox£tiko<; 8 dicrr|<; 8 ia 0 Aaar|c; too 
p£OOU M 2 CO^ TTpO^ TO |J£00 M-j KOtl dvai IOO<; p£ TO Aoyo Ci/c 2 TCOV TaXOTrjTCOV 
tou cpcoTO^ crra 8 uo 8 iacpavq peoa. Ioxo£i 8 qAa 8 rj 

hij0i 



niJ02 



_ Ci 
n 2,l 

C 2 



Eivai cpavepo oti o Ka 0 apo^ auToc; api 0 po<; o ottoioc; pa$ « 8 dxvei» ti 0 a 
oup6d Kara Tr| auyKEKpipevq 8 ia 0 Aaor| avacpep£Tai ae 860 8 iacpavq p£oa 
0 ecopoupeva koto opiopevr) 8 icrra£r|. 

Eivai £Triar|S eokoAo va ou- 
pTrepavoupe oti av C!>c 2 => 

0 1 > 0 2/ av 8 rjAaSr| to cpcoq 8 ia- 
SiSeTai otto peao peyaAuT£pr|c; 

Tax 0 Tr|Ta^ (oTiriKd apaiOTepo) 
ae peoo piKpoTepqc; TaxuTq- 
Ta^, q ycovia 8ia0Aaar|c; 0a 
eivai piKpoTeprj otto tp| ycovia 





s l>s 2 








428 Ta KU|iaTa 



TrpooTTTcooqc;. T auTq Tqv TTEpmrcooq A£p£ on q 8ia0Acbp£vq aKTiva 
TiAqaia^£i Tqv kciGeto. XTqv avn0£Tq TTEpmrcoaq, otov SqAaSq c 2 >C! ottote 
0a Eivai Kai 0 2 >0 1 , A£p£ oti q 5ia0Acbp£vq aKTiva aiTopaKpuvETai aTTO Tqv 
KCX0ETO. 

Oi 18101 vopoi, 01 (Sioi opiapoi Kai Ta 181a AoyiKa oupTTEpaapaTa igxuouv 
yia oAa Ta KupaTa tooo SqAa8q Ta qAEKTpopayvqnKa oao Kai Ta KupaTa 
EAacrriKOTqTac;. 

AttoAutoc; Seiktvjc; 5ia0Aaaqc;. Ac; TTpoa£j;oup£ opcoc; Kai Korn ttou 6ev 
ioxuei yia Ta KupaTa EAaanKOTqTac;. Av to pEOOv otto to ottoio «Trpo£px£- 
Tai» to cpcoc; Eivai to kevo, o Aoyoc; Ttov qpiTOvccv ovopa^ETai (ottoAutoc;) 
5£iKTq<; SiaGAaaqc; tou Siacpavouc; pEaou (uAikou). 0a Eivai 

qp9i = = Co 

qp0 2 n c 

ottou Cq Kai c oi TayoTqTa too cpayroc; orro kevo Kai oto auyKEKpipEvo 
SiacpavEc; uAiko avnoToixof. H npq tou ottoAutou SEiKTq SiaGAaoq^ Eivai 
TravTOTE pEyaAuTEpq airo Tq pova5a. 

Av Eivai Tcbpa nj,n 2 oi ottoAutoi Seiktec; 8ia0Aaaqc; 8uo Siacpavcbv psocov 
koi n 2 ,i o ay etikoc; 8ei KTqc; SiaGAaoqt; tou pEOOU «2» co<; xrpoc; to psoo «1» 
EUKoAa aiToSEiKVUETai oti n 2 ,i=n 2 /n 1 ottote Kai o vopoc; Snell SiaTumbvETai 
pE Tqv E^iocooq. 

qp0 1 n 2 

— ^-= n 2 ,i =— q n 1 qp0 1 =n 2 qp0 2 . 

q p u 2 11 1 

H pETaGoAq oto pqicoc; KupaToq. A^i^ei teAo<^ va TTapaTqprjooupE oti Kara 
Tq 5ia0Aaoq evoc; KupaTOc; q ouxvoTqTd tou SiatqpEiTai OTa0£pq evco to 
pqKoc; KupaTOc; p£Ta6aAA£Tai. 

Av TTapoupe utt' oipq Kai Tq 0£p£Aico8q E^kxooq tcov KupaTcov, 6ya£oup£ 
to oupTTEpaopa oti o Aoyoc; tcov TaxuTqTcov (c 1/ e 2 ) ttou Trapouoia^Ei Eva Kupa 
TTpiv Kai p£Ta Tq SiaGAaoq Eivai fooc; p£ to Aoyo tcov avnaToixcov pqKcbv 
KupaToc;. Eivai c 2 /c 1 =A 2 A v 

OAiKq avaKAaoq 

a. AidSoaq otto to apaiOTEpo oto nuKvoTcpo. Ae 0a ttpettei va pac; 
SiacpEuyei oti koto Tqv TTpooTTTCooq piac; cpcoTEivqc; 

SEapqc; oe ETTicpavEia ttou Siaxcopi^Ei to apxiKO 
8iacpav£c; psaov otto Eva aAAo otttiko( ttukvotepo, 
ektocj otto 8ia0Aaaq aup6aiv£i Kai avaKAaoq. iTq 
yEviKq TTEpiTTTcooq piTopoupE va TTOUpE OTI q TTpOO- 
TTiTTTOuoa oktivoBoAoc; EVEpyEia kotovepetoi ava- 
p£oa oti<; 8uo ttpokutttouoec; 8£op£<;, Tqv avaKAcb- 
pevq Kai Tq 8ia0Acbp£vq. 
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H KaTavopq e^aprotTai ano Tq ycovfa TrpoaTmooqs. Otov, yia TTapaSeiy- 
pa, to cpcoc; 8 ia 8 f 8 £Tai otto tov atpa oe yuaAf, yia ycovf£<; TTpoanrcooqc; p^xpi 
50 poipcbv avaKAorrai AiyoTEpo aTro 10 % Tq<; cpamivqc; £V£py£ias. Ha ycovf£<; 
opco<; TrpoonT(oor|<; yupco oti<; 80 pofp£<; to ttooooto Tq<; avaicAcopEvq 
£V£py£ia<; £i'vai foo p£ to ttooooto Tq$ 8 ia 0 Acbpevq<;. Tia ycovi£<; aKopa 
p£yaAuT£p£<; to ttooooto Tq<; avai<Acop£vq<; £V£py£ia<; UTrep£X£i oqpavTiKa. 
Eivai opco^ y£yovo<; oti £va opiap£vo icAaopa otto Tq cpamivq £V£py£ia Tq$ 
TTpoaTTinrouaas 8 £opq<; 0 a 8 ia 0 AaoTEi OTTCoo 8 qTTOT£. 

AiaOAaoq otto iTUKVOTCpo at apaiOTCpo. 'Orav opco^ q 8ia0Aaoq yfv£Tai 
ano ttukvot£po TTpo^ apaiOT£po Ta TTpaypaTa £ivai 8iacpop£TiKa. To 
TTdpapa Seixvei oti av q 
TTpOOTTTCOOq TOU cparrot; yf- 
v£i p£ ycovfa peyaAuTepq 
otto pia opiop£vq «opucq 
ycovia» 8ev auvTeAmai 8ia- 
0Aaoq koi TrapaTqpErrai 
£va cpaivopevo ttou Asyrrai 
oAiKq avdicAaaq. 

YTTO0£TOUp£ OTI pia CpCO- 
Teivq TTqyq 6piOK£Tai peaa 
oto vepo Kai TTapaTqpoupe 

OpiOp£V£<; (pCOT£IV£C^ OKTIVE^ 

TTOU TTpOOTTITTTOUV OTqV 

£TTiq)dv£ia tou SiOTTTpou «v£po-aepa<;». Efvai yeyovo^ oti ot kcx0e TrEphTTcooq 
ttou oupBafvei 6ia0Aaaq q ycovia 6ia0Aaoqc; (0 2 ) £ivai pEyaAuTEpq auo Tq 
ycovia TTpocnTTcooq^ (0^) . H 8ia0Acop£vq aKTiva «aTropaKpuv£Tai» airo Tqv 
KO0ETO, £VCO TO CpaiVOpEVO TT£l0apX£l UTTOXP^WTIKd OTO vopo Snell. laX^EI 





n 1 qp 0 1 =n 2 qp 0 2 . Av Aoittov au$avoup£ TTpoo 8 £UTiKa Tq ycovfa TTp 6 anrcooq<;, 
0a cp 0 ao£i KaiTOia onypq koto Tqv oTrofa q ycovfa 8 ia 0 Aaaq<; 0 a yfvei foq pe 
pfa op 0 q. iTqv TTEpmrcoaq auTq q ycovfa Trpoanrcooq^ 0 a exei pia Tipq 0 op 
yia Tqv OTTofa 0 a iaxu£i. 



ninM 0 o P =n 2 riM? => HM e o P = ^ 
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H ycovia auTrj (0 op ) ecp' oaov avTicrroixd aTr| pEyiarq ycovia 8ia0Aaaqc; 
(0 2 =tt/2) 0a aTrcnxAd Kai rr\ peyioTq ycovia TTpooTrrcoaqc; yia Trjv ottoio 
aupBaivei 8ia0Aaoq tou cpcoToc;. AzyeTai opiKq ycovia tou 8iOTrrpou. 
Muopoupe Aoittov va TTOupe oti (i) yia ycovia TTpoanTcooqc; piKpoTepq otto 
tt]v opiKq, q cpcoTEivq evepyeia KaTavepeTai avapeaa OTqv avaKAcop£vq Kai 
Tq 8ia0Acop£vq 8eapq, evco av (ii) q ycovia TrpocrTTTcoaqs eivai peyaAuTepq 
auo Tqv opiKq 8ev dvai Suvotov va aup6d 8ia0Aaoq. Tiari q 6ia0Aaoq 8ev 
dvai ottAo eva cpaivopevo koto to ottoio aAAa^ei q SieuOuvaq 8ia8ooq<; evoc; 
KupaToc;, dvai eva cpaivopevo to ottoio TT£i0apx£i omoa8qTTOT£ Kai ae 
ouyK£Kpip£vou^ vopouc;. Av Aoittov q ycovia TTpOGTrrcoaq^ Eivai peyaAuTepq 
oetto Tqv opiKq 8ev dvai 8uvaTov va auvTeAeaTd 8ia0Aaaq yiad o£ avTi0£Tq 
TT£piTTTCooq to cpaivopevo 0a Trapa6ia^£ to vopo Snell. Kai o vopoc; eivai 
oacpq^. Xe ko0e 8ia0Aaaq £Tri6aAA£Tai va iaxu£i 

n 1 rnJ0i=n 2 niJ92 => 

^2 

Kai ecpoaov qp0 2 =Sl 0a eivai Kai 



n nwQi ^ 

n 2 n x 



ttou aqpaivei oti (qp0i) max =n 2 /n 1 . YTrapx£i Aoittov ev a peyicrro or\<; Tipd; tcov 
ycovicov TTpoaTTTcoaq<; (opiKq ycovia) to ottoio av ^nTEpaaTd 8ev 0a yivei 
8ia0Aaoq. Av pia cpamivq aKTiva ttpoqtteoei pe ycovia peyaAuTepq Tqc; 
opiKq^ 8 ev 0a uTrapxouv «povoTTdma>> yia va TTEpaoei to cpco<; crro aAAo 
peaov to OTrriKa apaiOTEpo. 0a exoupe cpaivopevo oAiKq^ avaKAaoq<^. 
'Ottco<; cpaivETai Kai otto Tqv djiocoaq qp0 op =n2/nx q Tipq Tqc; opiKqc; ycoviac; 
E^apTaTai ano to ^euyapi tcov 8uo Siacpavcbv peocov. 

OAa Ta TTapaTravco iox^ouv tooo yia Ta qAeKTpopayvqTiKa KupaTa oao 
Kai yia Ta KupaTa eAaoTiKOTqTaq. 



Zto 0 EppoT£pa atpia crrpcbpaTa to 9009 exei 
pEyaXuTEpq TaxuTqTa oe ouyKpioq M £ Ta cpu- 
XpoTEpa. Kara tic; £eote<; pcp£<; aup6afv£i ou- 
Xva Ta acpia crrpcbpaTa ttou 8pioKovTai crro 
£8090$ va exouv 0 £ppoKpaaia pcyaAuTEpq ano 
Ta uncpKEipEva. X' outec; ti<; nEpmroboeic; to 
9co<; ttou EKnspnETai ano pia nqyq Kai 90 av£i 
crrov napaTqpqTq tou Sqpioupyd ttjv EVTunco- 
aq EiScbXou ano avotKAaoq (AvTiKaTonTpropo^). 
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OAiKq avaKAaaq tou cpcoToc; 

Kai TqA£TTiKoivcavi£<; 

Xt^v ETroxn H a S TO tpaivopEvo rr\<; oAiKq<; avaKAaaqc; too q>coTO^ 
a^iOTroieiTai a£ Ecpappoyd; uipqAqc; ottti Krj<^ T£XvoAoyia<; pea a otto ti^ 



ottoie<; cpaivovTai va Siavoiyovrai ev- 
TEAoK; KQIVOUpi£C; TTpOOTTTIKEC; gtov to- 
p£a t oo v TqA£TriKoivcovicbv. To oAo £q- 
Trjpa ox£Ti^£Tai p£ rr\ 8uvaTOTqTa 
ttou £xoupe aqpepa va KaTaaKEua- 
i^oupE otttike^ i'v£<; yudAivouc; 8qAa8q 
KuAiv8pout; tooo Aetttouc; ttou va dvai 

000 £va ouppa EUKapTTTQL To cpcoc; 
SlOX£T£U£Tat gto Eva aKpo Tout; Kai 
ucpiorapEvo TroAAaTrAEc; oAikec; ava- 
KAaoEic; £$£px£Tai otto to aAAo aKpo. 

01 ive<; A£iToupyouv oa aooAqvEt; ttou 
pTTOpOUV va KOTEU0UVOUV TO V£pO Kai 
va TO 8lOX£T£UOUV ekei TTOU 0£Aoup£. 
Ol OTTTIKEC; IVECJ XPH 0 ^ 017010 ^™ 1 ° £ 
pia auyxpovq TExviKq TpiaSiaoTaTq<; 
cpcoToypacpiac; q oTroia Aeyetgi 0 A 0 - 
ypacpia. XpqaipoTroiouvTai ETriaqc; 
crrqv laTpiKq. REpvcbvTac; yia irapa- 
8£iypa £vav tetoio Siaqxxvq KuAivSpo 
p£aa ano tov oioocpayo evo<; aa0£vq 
pTTOpo6p£ va E^ETOGOUpE TO GTOpdxi 
tou yia eAkoc; q Kai yia Karroia aAAq 
TTa0qoq. 

Ekei opcoc; ttou to psAAov yia ti^ 
OTTTIK £<; IVECJ TTpopqVUETOI E^aipETlKOt 
EAiTiSocpopo £ivai — ottox; EiTrape— o 
TopEat; tcov TqAETTiKOivcovicov Kai q 
TqAECpcovia i8iaiT£pa. Ta TrpdypaTa 
EKEI 8EIXVOUV OTI TO tpCD^ 0a pTTOpEOEl 
va avTi KaTaoTqoEi to qAEKTpiKQ p£U- 
pa aTTOTEAcovTac; tov peAAovtiko cpo- 
pia p£Ta6(8aaq^ TTAqpocpopicov pE 
TroAAa paAiOTa TrAEOVEKTqpaTa. 

"Ottco^ Kai OTq pa8iocpcovfa etgi Kai 
orqv TqAEcptovia sfvai avayKafa q 8ia- 
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popcpcooq tou qAeiapiKOu cpepovTo^ oqpaTo^ otto to qAEKTpiKO pEupa ttou 
avTioTOixci crro Kupa Tq$ av0pd)TTivq^ cpcovq<;. Ze Eva oupBaTiKo TqAccpcoviKo 
oucrrqpa to cpcpov Kupa 8ev Eivai, ottco<; oupBaivEi crrr| pa8iocpcovia, 
qprrovo£i8£<; (appovuco). AttoteAeitoi otto pia OEipa pEupaTiKcbv TraApcbv 
p£YaAq<; kai eSco ouxvoTqTac;, piKpq<; 8iapK£ia<; koi crra0£pou TrAaTou^. Oi 
TraApoi auTof acpou uttootouv 8iapopcpcooq, pETacpEpovTai p£ to qAEicrpiKO 
KUKAcopa tou koAcoSiou koi OTq ouvcxEia aTroSiapopcpcovovTai Kai pETaTpE- 
TrovTai ttoAi oe nxn TlK( ^ KupaTa oto okouotiko. 

Ze Eva TqAEcpcoviKO oucrrqpa ottti- 
kcov ivcov to qxqTiKa Kuporra «p£Ta- 
TpETTOVTai » Kl eSjO OE aVTIOTOIXOU^ 
r|A£KTplKOU^ TTaApouc; OI ottoioi 6pco<^ 
XpqoipoTToiouvTai yia Tqv EVEpyo- 
Troiqoq evocj Laser (Aci^Ep). To TTapa- 
yopEvo cpcoc; aTTOTEAEiTai otto avTi- 
otoixouc; TraApou<; ttou pETacpEpovTai 
otto tk; otttikec; ivec; yia va pETaTpa- 
ttouv koi ttqAi pE Tq 6oq0£ia cpcoTo8io- 
8cov oe qAEKTpiKou<; TTaApouc;. 'Eva 
otto Ta i8iaiTEpa oqpavTiKa TTpoBAq- 
paTa ttou TTapouoia^ovTai Eivai q 
SiacpavEia tou pEoou. 'OAoi ^EpoupE 
oti Eva Aettto T^api Eivai ttio 8iacpav£<; 
ano Eva Traxu. H ouyxpovq opcoc; 
TExvoAoyia Eivai oe 0£oq va 8qpioup- 
y£i 8iacpavq uAiKa tetoio ttou av p£ 
auTa KaTaoKEua^apE T^api Traxou^ 
evo^ x i ^ lo M^ T P ou H Tav e^ioou 8ia- 
cpav£$ pE Eva T^api oav auTa ttou 
£Xoup£ oto TTapa0upa. Ta 8iacpavq 
aura uAiko XPH 0 ^ 071010 ^ 1 " 01 Y ia Tr l v 
KaTaoKEuq tcov otttikcov ivcov. 'Etoi q TrpaypaTOTTOiqaq TqAEcpcoviKOU 
8iktuou p£ KaAcoSia pqi<ou<; 8ek68cov x^'op^P^v Eivai Tcopa EcpiKTq. 

Ta TTAEOvEKTqpaTa ttou 0a TTpoKuipouv Eivai TToiKiAa. H TroooTqra 
TrAqpocpopias Trou pTTopEi va pEracpcpEi Eva KUKAcopa E^apTarai aTro tic; 
qA£KTpiK£<; iSioTqTEc; tou, otto Tq «xcopqTiKOTqra» tou ottco<; t\z\ ETriKpaTq- 
oei <5 va AEyETai. Oi otttikec; ive<; exouv ouyKpmKd pEyaAuTEpq xcopqTiKOTqra. 
Mia 8eopq x^kivcov KaAcoSicov 8iap£Tpou 7,5 cm pTropci va avTiKaraoraBEi 
otto Eva «epcoToacoAqva» SiapcTpou 0,6 cm. H oiKOvopia oe 6apo<; Eivai 
aKopa ttio oqpavTiKq. Ki aKopa Eva TqAEcpcoviKO Siktuo BaoiopEvo crrq vca 
auTq TExvoAoyia 0a ouveteive oqpavTiKa crrqv aTTooupcpopqoq tou uTTe8a- 
cpou^ TCOV TTOAeCOV. ZTO OUpBaTIKO 8lKTUO OI EVEpyEIOKE^ aTTCbAEI£<; TTOU 




To «OTTTlKO» (apICfTEpa) KOI to oup 8 aTiKO KaAa) 6 io 
Tr|c; cpcoToypa 9 fa^ pTropouv va pETacptpouv tov 
1610 apiBpo (10 000 ) Tr|AecpcoviKcbv auvSiaAE^ecuv. 
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ocpdAovTai crrqv copiKq avTfcrraoq tcov ayooytbv dvai t£toie<; ttou va 
d;aa 0 £vi£ouv aiaOqra to oqpa Kai va xps^ovTai £vioxut£<; k 60 £ T£ao£pa 
iTEpnTou x^iop£Tpa. Me to veo aucrrqpa q Evfoxuoq auTq 0 a dvai avayicafa 
povo Ka 0 £ 100 km. TeAo<; — Ka 0 cb<; to yuaAf 5 ev dvai KaAoc; aycoyos 
qAEKTpiapou — Ta TTpoBAqpaTa ttou ocpdAovTai crra TrapaoiTa p£ioovovTai 
oro EAaxicrro. 



H apxq Huygens Kai q SiaOAaoq 

Mnopoupe va xpqoipoTroiqooupe Tqv apxq Huygens yia va £ppqv£uooup£ to 
SeuTepo vopo Tqc; SiaBAaoqq, tov Aeyopevo vopo Snell. Eivai pia AoyiKq TTopda otto 
Tq 0Ecopfa TTpoc; Ta SsSopeva tou TTEipapaTOc; p£oa otto to Spopo tcov paOqpaTiKcbv. 

XpqaipaiTOioupE to povTeAo tou ettitteSou KupaTot; crro ottoio oi KupaTiKE^ oktivec; 
Eivai napaAAqAEc; Kai Ta pETCorra exouv axqpa ettitteSo. YttoOetoupe oti koto Tq 
XpoviKq OTiypq t 0 pia cpcoTEivq aKTiva q «a» (axqpa) ttpootntttei crrq SiaxcopiOTiKrj 
ETTicpavEia Suo Siacpavcov pdxov ttou xa- 
paKTqpi^ovTai otto Tax^TqTE^ Kai c 2 
avTicrroixa. Kara Tq anypq EKEivq to p£v 
oqpEio A ottoteAei — oupcpcova p£ Tqv 
apxq Huygens- Trqyq KupaTiSfcov TaxuTq- 
Tac; c 2 , to 6 e laocpaaiKO tou oqpEio A' 
aiTOTEAEi Trqyq KupaTiSfcov TaxuTqTa<; 

To ettitteSo AA' ottoteAei koto Tq OTiypq t 0 
TO pETCOTTO KUpaTOC;. 0£AoUpE VO TTpo6Af> 

IpOUpE TTOIO 9 a Eivai TO pETCOTTO KOTOt Tq 
OTiypq t () +At, 0 £CopcbvTa<; co^ At Tq xpovi- 
Kq SiapKEia ttou aTraiTEiTai coote q aKTiva 
« 6 » va yivEi aKTiva TTpoaTTiTTTouaa. 0 a Eivai SqAaSq AT=C]At. To ^qToupevo petcotto 
0 a Eivai Eva ettitteSo EcpaTTTopEvo crra pETCorra oAcov tcov KupaTiSfcov ttou Sqpioupyq- 
0 qKav koto Tq SiapKEia At. Y la va to oxeSidooupE apKEi va cpEpoupe otto to oqpEio Y 
to ettitteSo TB EcpairropEvo oto ocpaipiKO petcotto tou KupaTiSfou ttou EKTTOp£U 0 qK£ 
ano to oqpEio A Kara Tq OTiypq t 0 . Oi k 60 £te<; oto petcotto outo ammAouv Tiq 
cpcoT£iv£q oktive*; oto Siacpavd; pEoo 2 . Av xpqcnpoTroiqooupE Ta ypappaTa 0 i Kai 0 2 
yia tic; ycoviEc; TrpoaTTTcoaqc; Kai Sia 0 Aaaq<; avTicrroixa 0 a ExoupE 




A 

0!=A'Ar 



A 

0 2 =ai~b 



qp0i = 



CiAt 

W) 



qp 0 2 = 



c 2 At 

Tah" 




Cl 

c 2 



H teAeutoio E^focooq pa^ ETTiBeBaicovEi oti o Aoyoq qp 0 1 /qp 0 2 Eivai avE^apTqToc; 
otto Tq ycovia TTpooTmoaq^. TauToxpova pac; «Aeei» oti q aAAayq OTq SiEuGuvoq 
SiaSooqc; tou KupaToc; — SqAaSq q 5 ia 0 Aaoq — Eivai cpuaiKq ouvetteio tou yEyovoToc; 
oti oi TaxuTqTEt; SiaSoaqq tou KupaTo^ oto Suo psoa Eivai SiacpopETiKEc;. 
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O SeiKTrm ftia8Aaor|^ t^apraTai Kai otto to pr|KO<; Kupaxo^ t^c; aKTivoBoAiat; crro kevo, 
Itov TTivaKO TTapaTiGevTai 01 Tiptc; too SeiKTr] SiaGAaorjc; optopEvtov uAikcov yia prjKq 
KupaTO^ oro kevo Ao=589-10 _9 m 



AiapavTi 


2,419 


NEpo 


1,333 


O0optou)(o auGf.cmo 


1,434 


BEV^ivq 


1,501 


flayo^ 


1,309* 


AiGuAiki^ aAKooAq 


1,361 


T uaAi 


1,52-1,66 


AEpaq 


1 ,000293 


rAoKEpivq 


1,473 


co 2 


1,00045 



AiaGAaaq ge ettitteSe^ ETTicpavEiEc; 

AidBAaoq oe tmutbo Biourpo, I~lapaTqpoup£ £va poA60i 0u0iap£vo crro 
v£po. Ma<; cpaivETat crrraapevo ki auxo ocpdAeTai OTr| 6ia0Aaoq tou cparroc;. 

Eivai, cpuaiKa, pepa Kai to 8ickxuto cpto<; kcxvei oAa to avTiKeipeva va 
aTTOTeAouv Trriyd; cpcoToc;. Ka0£ oripefo tou poAuBiou aiTOTeAd pia oripeiaKq 
cpooT£ivr| Trqyq> otto Tqv ottoio EKTrepmTai aTroAivouaa Seopq cpcoTO<;. Ka0£ 
aicriva Trjt; 8eapqc; uTraKouei otovc; 8uo vopouc; rr\c; Sia0Aaaq<;. Aia0Adrrai 
SiaTqpoupevq orro £ttitt£8o TTpooirrcboeax; evco TauToxpova aTTopaKpuveTai 
axro Tqv Ka0£To. Etoi r| Seapq ttou cp0av£i 
oto pom pac; (paivrrai va Trpoepxrrai airo 
eva aqpdo A" ttou 8ev dvai to aqpefo A 
aAAa 0piOK£Tai ipqAoTepa otto outo. To A' 
ammAd eva cpavTacrriKo ei8coAo otto Sia- 
0Aaor|. Auto ioxuei yia oAa Ta oqpda tou 
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poAuSiou ttou GpioKovrai p£aa oto v£po. Ka0£va otto aora pac; cpafvETai oti 
6piOK£Tai ipqAoT£pa otto Tr| 0£oq crrr|v OTTofa TTpaypan BpfoKETai. To poA68i 
cpafvETai crrraopEvo. Ioxuei ihqpO^r^qpO^ Zto 8uo opOoycovia Tpiycova 
ttou oxqpan'^ovTai ioxuei d=h£(p0i Kai d=h'£cp0 2 . Av avacpEpopacrrE oe 
K aTaKopucpq mxpaTqpqoq 01 ycovi£c;'0 1 Kai 0 2 0a dvai ap K£Ta piKpd; cocfte 
va ioxuei qpO^Eq^ Kai r|p0 2 =£cp0 2 . ©a Eivai Aoittov h7h=n 2 /n 1? ottou ni,n 2 
oi 6 £ikt£^ 8ia0Aaoqc; tou VEpou Kai tou a£pa, avTicrroixa. H E^focooq ioxuei 
yia Ka0£ Siottto apKEi oi ycoviEq TTpoorTTcooqc; va Eivai piKpd;. 

Aia0Aaoq oe nAdicci \ii uapdAAqA£<; sSpEc;. (lucrrqpa 5uo TTapaAAqAcov 
ettitteScdv SiOTTTpcov). Av pia cparravq povoxptopaTiKq aKTiva TTpoonroEi 
TrAayia o£ TrAaKa p£ TrapaAAqAEc; E8p£<; tooo q 0£copfa ooo Kai to TTEipapa 
pa<; Sdxvouv oti p£Ta ti<^ 8uo 8ia0Aao£i<; TrapapEVEi TrapaAAqAq Trpoc; Tqv 
apxiKq Tqc; Si£u0uvoq, exovtoc; 0£0aia 
uttootei pia TrapaAAqAq pETaTomoq. 

Ha Tqv TTpcoTq Sia0Aaoq (axqpa) 
ioxuei n J qp0 1 =n 2 qp0 2 £vcb yia Tq Seu- 
T£pq 8ia0Aaoq n 2 qp0i = niqp0 2 . H [“eco- 
pETpfa 8i8aaK£i oti 0 2 -0i\ 0a Efvai 
OUVETTCDC; Kai 01 = 0 2 OTTOTE KOI 
0i~ 0 2 =0 2 — Q\ q a=6. H TEAeuTaia 106- 
TqTa aTTo8£iKVU£i Tqv TrapaAAqAia Tq<; 
apXIKa TTpOOTTITTTOUOa^ SEOpqq p£ 

Tqv teAiko E^EpxopEvq. 

AidBAaoi) oe irpiopa. (luoTqpa 5uo 

TEpVOpEVCOV ETTITTEScOV SlOTTTpCOV). Ze 

avTi0£aq p£ auTO ttou oupBafvEi crrqv 
TTAaKa p£ uapaAAqAEc; £Sp£<;, Kara Tq 
81080 piac; qicoTEivqc; aKnva<; otto upiapa Aap8av£i x<opa «£KTpoTrq». iTqv 
OTTTiKq p£ tov opo «TTpiopa» EvvooupE Eva 8iacpav£c; ocbpa ttou exei oxqpa 
op0ou TpiycoviKou TrpiopaTO^. Auto ttou ouvq0co<; ax£5ia£oupE TTapicrravEi 
pia eyKapoia Topq tou TrpfopaToc; ttou exei axqpa ioookeAouc; Tptycbvou. 

Oi SiaOAaaEic; piac; AETrrqc; povoxpcopanKqc; 

8£apq<; yivovTai oe 8 uo ETrnTESa SioTrrpa to 
OTTO ia TEpvovTai Kara pia Si£8pq ycovfa Tq 
AEyopEvq SiaOAooTiKq Y wvia TOU (otttikou) TTpi- 
opara<;. H 8ia0AaonKq ycovfa Kai 0 8£iKTq^ 

8ia0Aaaqc; tou uAikou ottoteAguv Ta crroixtia 
TauTOTqTa^ evo<; TTpfapaTo^. 

Oc; eKTponq pia^ \eirrf\c; povoxpcopaTiKqq 
8£opq<; 0£copoup£ Tq ycovfa ttou oxqpaTi^ETai 
otto Tqv apxiKa TTpocnTfTTTOuoa Ssapq (aKTiva) Kai Tqv teAiko E^Epxopcvq. H 
Tipq Tqc; E^apToiTai a) otto Tq ycovfa TrpooTTTcooq<; Kai 0) otto to TTpfopa otto 





cpcoToypacpia ttou TTapaQeToupE ekto^ otto tic; 
5 uo 6 ia 0 Aao£i^ lrapaTripoupE Kai 6 uo avaKAaaei^ 
tou cpoToc;. 
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rr\ SiaBAaoTiKq 8 r|Aa 6 r| ycovia tou Kai to 8 eiktt| 8ia0Aaor|<;. Auto Stiyyovv 
ro ax^TiKa TT£ipa|jaTa. Ito 181 a opax; aupTTEpaopaTa piropoupE va 
KaTaAr|^oup£ ouvSua^ovTac; tou<; vopou<; Tqc; 8ia0Aaor|<; p£ opiopEva 
y£cop£TpiKa 0£copripaTa. Oi e^iocooeic; ttou TrpoKUTrrouv Eivai: 

r|p0 1 =nr|p02 nr|p0i = r|p02 A=0 2 +0i e=0 1 +0 2 / — A 

OAa auTa 0a laxuouv av r\ 5£opq Eivai povoxpwpaTiKrp Av opcoc; 
Xpr|oipoTroir|aoup£ 8£apr| Aeukou cpcoTOc; Kai EXoupE cppovTiaEi va tottoOet^- 
ooup£ pia o0ovq Aeukou xpwpaTo^ otto Tqv aAAr| TrAEupa tou TTpiopaTO^, 
0a TrapaTqpr|ooup£ to cpaivopEvo to ottoio ekove psydAri evtuttcogti oto 
Neutcovo Kai tov oSqyrjOE va SiaTumooEi pia or|pavTiKq Oeaipia y |a Ta 
Xpcopcrra. ndvoo OTr|v o0ovq 0a TrpaTr|pr|ooup£ to q>dopa tou Aeukou 




cpcoT ocj pia eyxpoopq Sr|Aa8r| Taivia OTrjv ottoio 0a ektiOevtoi to Eva otto to 
aAAo Ta Eqrra xp<i>po(Ta ir\ c; fpi8oc;, to kokkivo, to TropTOKaAi, to Krrpivo, to 
TT paoivo ; to yaAa£jo, to 6a0u yaAa^io Kai to peve^eSi to AEyopEvo Kai iooSec;. 

H 0£copia tou Neutcovo Tqv OTTOia SExopaaTE Kai orjpEpa UTTOOTqpi^Ei oti 
to Aeuko cpcoc; aiTOTEAEiTai otto Siacpopsc; aKTivo6oAi£<;. Ka0£ pia otto auTEc; 
XopaKTTipi^ETai otto opiapEvr] ouxvoTqTa (v) Kai opiopEvo pqKO<; KupaToc; 
oto kevo. To pr|Ko^ KupaTo<; Tqc; Epu0pac; (kokkiv^c;) aKTivo6oA(ac; Eivai to 
pEyaAuTEpo. Eivai foo pE 76’10 _9 m TTEprrrou. 'OAe<; oi 6AAe^ oktivoGoAiec; ttou 
«aupp£T£xouv» to Aeuko cpcoq exouv prjKrj KupaTO<; Ta OTroia EAaTrcbvovTai 
oupcpcova p£ tt] oEipa ttou Epcpavi^ovTai crro cpaopa tou Aeukou <parro<;. H 
id)5r|<; aKTivo6oA(a ex^i to piKpoTEpo pqKoc; KupaTo^ (36-10 _9 m)* apa Kai tt| 
pEyaAuTEpq auxvoTrjTa. 

To Aeuko cpooc; avaAuETai 

H Sqpioupyia tou cpaopaToc; ocpEiAETai orr\v avaAuaq ttou ucpicrraTai to 
Aeuko cpcoc;. KaTa rr \ 8ia0Aaor| tou ott|v TTparrri ETncpdvEia tou TTpfapaTO<; to 
Aeuko cpcoc; avaAuETai oe povoxpcopaTiK£<; aKTivo6oAi£<;. To cpaivopEvo 
EpprjVEUETai 6ao£i tcov TTapaKaTco TTpoTaoEcov. 
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1. Ito kevo — Kai KOTO TTpooEyyioq Ka. orov aepa 6 Aes o. oktivoBoAIes 

eyouv rnv iSia taxoTqTa S.aSoaqs c„=300.0000 km/s. 

' 2 . lE^va op.apEVO S.acpavES peoov -6x> kevo- 01 aKTivo6oA.ES 

6!a6.6ovTai pt S.acpopET.KES Ta X LnT|TES. 

3. O 6EIKTHS S.dQAaaris tv6s 5ia9avous peaou opi^ETai a>s n-np0i/ny02- 

4. O 6EiKrns 5ia0Aaoqs evos S.acpavous peoou E.'vai 100 s pt to Aoyo Tqs 
TaxurriTas S.a&ooqs Tqs aKT.vo0oA.as oto kevo (c 0 ) TTpos Tqv tox^thto 
&. a6oons Tqs i5ia S aKT.voBoAias oto 6.a 9 avES p«JO n-Cofc. 

Av ao Y KEpaooopE cotes ns TtpoTdaE.s KctraAqyoupE ora OL ^ lTr£ P«^ T 
oti: (a) o Seikttis 6.a0Aaoqs tou ou Y KEK P .pevou S.acpavous ytooo 

KOI OTTO TO EiSoS TqS OKT.VoBoAiaS TTOO TTpOOTT.TTTEI O OUTO KO. OT. ( 6 ) H T'HH 

rns ycovias 6 .d 0 Aao n s O 2 ) Y>°> P'« ™X oia aKT.voBoA.a 0 a Sivetoi ana Tqv 

^'Ko^pid^^^^dv^aKTivoSoAia 0a Trapouo.aoE. Tqv «TtpoocoTr.Kr 1 >> Tqs 
6,a0Aaon H .cb5 n s OKT.voBoAia ttoo X apaicrqp(S£Ta. otto Tq p.KpoTEpn 
JSS toxOtS™ oto ao Y KEK P ,pEVO SiacpavES peoo 9a Trapouo.aoE. Ka. 
rr\ jjiKpoTtprj yoovia 5ia0Aaar|<;. 




waAuoq too cpcoTOS aopGafve. oe k60e 6,d0Aaa n cpam.vqs ^ ; nou 
oev Eivai povoxptopaT.Kri- MnopoupE va Tqv iraparqpqooupE oe ttAokiSio p£ 
TrapaAAnAES e6 oes oe cpaKous ottcos koi oe orayov.6.a 6po X qs ; Me to 
- rrpiopa, opws, n peAeth too cpa.vopEvou yivETa. tt.o aTtoTEAEopaT.Ka. AKopa 
koAutepo Eivai avd va acpqooupE to avaAupEvo q>a>s va tt P octtt£OE. an 
EO0das oto TTETaopa va TtapEpBaAoopE Eva ouarqpa auyKEvrpcPTn^v 
(ou Y kAw6vtoov) cpaKoav Ka. va KavoupE ptoa ano auTO Tqv napaTqpqoq. 

Oupavio t6?o. To cpa.vopEvo «oopav.o to$o» o 9 eiAeTa. orqv avaAoaq ttoo ocpiara- 

Toa to nAiaKO cpcos otov -rTpooniTTre. oe oTayovES Tqs 6poxnS- r ' a va TO £l 
™ va 6pioK ET a. avapeoa orov qA.o ko. arqv TrEp.o X q 6ttoo tte^te. 6po*y 
X r.a va KQTavoqooupE T q Sqp.oopyia too a S onoGecoops on p.a okt.vo qA.aKOO 
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cpcoTo^ TTpooTriTTTEi aTqv E^coTEpiKq £Tricpav£ia piat; crrayovac; vEpou Kat 8 ia 0 AcbpEvq 
avaAu£Tai. Xto oxqpa TrapicrravETai q Tropcia tcov 8uo oktivoov ttou avncrroixouv 
crra aKpa too 9aopaTo^ 6 qAa 8 q Tq<; KOKKivqq Kai Tq<; icbSouc;. KaTa Tqv TTpooTrrcjooq 

tou avaAupcvou cpcoTO^ crrqv EoarrepiKq ETTicpavEia 
Tqc; crrayova^ Eva peyaAo pcpoq ucpicrraTai avaKAa- 
oq Kai q e^oSoc; (SqAaSq q SiaBAaaq tou avaAupe- 
vou 9 cot 6^) ouvTEAEiTai koto Tqv ETTopEvq TTpoo- 
Trrcooq crrqv EacoTEpiKq £TH9aveia. Atto kei Kai 
TTEpa av o TTapaTqpqTqc^ BpiaKETai oe 0£oq tetoio 
coctte va 90avEi o' outov q «KOKKivq aKTiva» 0a 
avTiAapBavETai oti q auyKEKpipcvq crrayova exei 
X pcbpa kokkivo. Me avaAoyo TpoTro 0a avTiAap6av£Tai oti Ka0£ crrayova Bpoxqs £X £I 
Eva otto to xp<*>paTa tou qAiaKou 9 aopaToo;. 





Xto e^coTEpiKO Tpqpa tou oupaviou to^ou o rrapaTqpqTqs |J£ Tqv opTTpeAAa 6Aettei to 
k6kkivo 9cos va Epxcrai ano oqpEia 9qAoT£pa otto oti to aAAa xpcopara. AvtiBeto oto 
EOCOTE piKO Tpqpa tou oupaviou to£ou 9afvETai va Eivai 9qAoTEpa q TTEpioxq tou 
Peve^eSeviou xpwpaTo^. 
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Oi cpaKoi 



XqpEpa 0Ea>p£iTai BeBoio oti oi Kive^oi 
dxav avaKaAuipEi tou<; cpaKou<; 56o TTEpi- 
ttou x>Ai68ec; xpovia npiv otto to Xpicrro. 

YTTapxouv £TTior)<5 a^ioAoyE^ papTupiEt; yia 
to yEyovoc; oti oi cpaKoi xP r l ol l JOTroi n® r l" 

Kav koto to pEoaioova yia Tq 5i6p0coaq 
rqt; opaaq^. Movo opcoc; q 6£ATicooq touc;, 

Tqv oTToia KQTaq)£pav 01 OAAavSoi koto- 
OKEUaOTE^ TOU 170U OUCDVa, TOLM^ p£T£Tp£- 
lp£ CJTO EKTTAqKTIKO EKEIVO EpyOtAElO p£ TO 
ottoio o av0p(OTroc; «ei 5£» Trpayporra to 
OT roia Sev eixe pTTopEOEi ouTE va CpQVTa- 
CJTEI. 

Na UTTO0£OOUp£ OTI TTOMpVOUpE SUO 
opoia Siacpavq TrpiopaTa kcm to 
aKoupnapE koto tk; 0aa£is touc; oe 
TpoTro coote oi 8ia0AaaTiK£c; ycoviEc; 
tou<; va SpioKovTai aTTEvavTi. Na cpa- 

VTaOTOUpe ETTloqCJ OTI 8uO AeTTTECJ CpCO- KapSivaAsot; Ugone flopTpaiTO tou 1352 

teivec; SsopEt; (aicnvEc;) TTapaAAqAEc; TTpoc; tic; koive^ £8p£c; ETracpqt; — ottox; 
oto oxnpa — TTpoon [tttouv oto ouoTqpa ttou 8qpioupyqoap£. Eivai yEyovoc; 
oti oi 8uo oktivec; 0a auyKAi'vouv oe Eva oqpsio. Av TrpoxtopqaoupE Tqv i8eo 
TTapaiTEpa xpn o, M OTroiCj ^ VTa S 'nxpiaaoTEpa TrpiopaTa TOTro0ETqp£va Ka- 
TaAAqAa ki av — aicopa KaAuTEpa — AEiavoupE tic; ycoviEc; ttou 0a TTpoicu- 





¥ 

ipouv, 0a cp0aaoup£ teAik6 OTqv i8£a tou ouykAi'vovtoc; q auyKEVTpamKOU 
cpaKOu. To ovopa tou to ocpdAEi crro yEyovoc; oti ko0e TrapaAAqAq 
(KuAivSpiKq) 8£opq cparroc; ttou TrpoornTTTEi Travco tou GuyicAivEi oe Eva 
aqpdo Tqc; «aAAqc;» TrAEupac;. 0a exoujje etoi sva cpaKO oav auTov ttou 
aTTOTEAEi Tq 8aaq tou av0paynrvou ocp0aApou, Eva cpaKO aav auTouc; ttou 
uTrapxouv ora pncpooKOTTia, oto TqAEOKorna Kai otic; cpcoToypacpiKEc; 
pqxav£c;, aAAa Kai aav auTouc; pe touc; ottoiouc; pTTopoupE va avacpoupE 
cpcoTia o' Eva x a P T ' £OTia£ovTa$ to qAiaico cpcoc; Travco tou. 
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Av TTaAi avTiaTpeipou|j£ Tr|v apxiKq i6ea Kai BaAoupE Ta upiapaTa 
avarroSa (ottcoc; oto axqpa) 0a SiamaTcbaoupe oti oi 5uo Aetttec; SeapEc; 
(oktivec;) 0a ottokAivouv. H ETTEKTaaq Tqc; i6£ac; o6qy£i at cpaKouc; TTapopoi 



ouc; p£ auTouq ttou BpfoKovTai OTa puanTiKa yuaAia, ttou cpopaEi povipa 
Evac; otto touc; auyypacpEic; auTOu tou BiBAiou. Efvai oi ottokAi'vovto; (q 
aTTOKCVTpQiTiKOi) cpaKOi ttou TTpooTOEpcpaviaTqKav OTqv Eupayrrq Kara TO 
MEoaitova aAAa q EupEia xpn ai M OTTO 'n°n touc; yia Tq 6iop0a)oq Tqc; pucoTTiac; 
£yiv£ pepiKouc; aitbvEc; apyoTEpa, acpou oto pETa^u o Snell Kai o KapTEaioc; 
EiXav q6q Siotuttcogei touc; vopouc; Tqc; 5ia0Aaaqc;. Mia TTapaAAqAq cpcoTEivq 
SEOpq TTOU TrpOOTTlTTTEI OE EVO TETOIOU ElSoUC; CpaKO pETOt OTTO Tl<^ 66o 
5ia0Aao£ic; pETaTpETTETai ge aTioKAivouaa. X' auTO aKpiBcbc; to yEyovoc; 
ocpEiAETai Kai q ovopaaia touc;. 

Xe yAcboaa pEyaAuTEpqc; auGTqpoTqTac; o cpaKoc; Eivai sva ouoTqpa 5uo 
SlOTTTpCOV OTTO TO OTTOia TO EVO Eivai OTTGOoSqTTOTE acpaipiKO. iTa TTapaKaTCO 
0a 5EX0oup£ opiopEVEc; aupBaoEic; yia Aoyouc; aTrAouaTEuaqc;. AExopacrrE 
Aoittov oti. 

1. Meoa oto SiacpavEc; uAiko tou cpaKOu to cpcoc; Trapouaia^Ei piKpoTEpq 
TaxuTqTa oe axeaq p£ auTq ttou TTapouaia^Ei crro TTEpiBaAAov tou. XTq 
yEviKq TTEpiTTTCjooq o cpaKoc; pac; 0a Eivai otto yuaAf Kai 0a BpfaKETai otov 
a£pa, yeyovoc; ttou E^aacpaAiZjEi Tqv TTapaSoxq ttou KavapE. 

2. To cpcoc; ttou ttpoctttitttei Eivai povoxpcopaTiKO. 

3. O cpaKoc; Eivai Aetttoc;, to ttoxoc; tou 5qAa8q oe ax^oq p£ to p£y£0oc; 
(pqKoc;) tou Eivai aaqpavTo. 

recopETpiKa x a P aKTr IP ,OTIK( * Ttov Aeittcov (paiaov. XTq yeviKq ETriaqc; 
TTEpiTTTcooq* Ka0£ pia otto tic; 5ia0AaoTiK£c; ETTicpavEiEc; tou cpaKou ottoteAei 
T pqpa Tqc; ETTicpavEiac; piac; ocpaipaq. 'Exoupe Aoittov 8uo utto0etikec; 
ocpaipec; (oxqpa) q SiotKEVTpoc;** tcov ottoioov (KiK 2 ) ottoteAei tov AeyopEvo 
Kupio a£ova tou cpaKou. To «oqp£io» crro ottoi'o o Kupioc; a£ova<; Tepvei to 
cpaKo AeyETai otttiko KEVTpo tou cpaKou. 



* «Ei6iK^TT£piTTTcba£i^; Eivai ekeivec; koto tic; ottoiec; q pia otto tic; 6ia0AaoTiKE(; EirnpavEiEt; Eivai ETTiTTESq. Auto 
oupBaivEi crrouc; ettitteBokoiAouc; Kai tou<; ettitteSokuptouc; cpaKouc;. 

** Itj<; TTapa-rravco «ei6ikec;» ttephttcooei^ o Kupioc; a^ovac; opi^ETai co<; q k60eto^ otto to KEVTpo Tqc; ocpaipac; 
oto ettitteSo. 
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AlTOSfclKVUETai OTI OI CpCOT£IV£<^ OKTIVE^ TTOU 
TTpOCJTTITTTOUV OTO (pOIKO KaT£U0UVOp£V£<; TTpO^ 

TO OTTTIKO KEVTpO TOU, UCpiGTaVTai pia TTQ- 
paAAqAq pETaTOTTioq tooo piKp q coote va pac; 

ETTITpETTETai VO 0£copoup£ OTI r| £^£px6p£vq 
aKTiva aiTOT£A£f Trpo£KTaar| Tqc; ttpoottitttou- 
oa^. Ka0£ £u0£ia ypappr) ttou TTEpvaEi auo to 
OTTTIKO K£VTpO AEyETOI a£ova<; tou <paKOu. 'Evac; 
cpaKOs £X £1 ouvettox; dTTEipouc; a^ov£c;. Mia 
i8iaiT£pr| 0£oq avapEoa touc; kotexei o Kupios 
a^ovac; otov ottoio avacp£p0qKap£. 

luyKAivovTec; cpaKoi 

Oi ouykAivovtec; cpaKoi avayvcupi^ovTai otto to yeyovoc; oti Eivai TraxuTE- 
poi OTO pEGOV* KOI AETTTOTEpOl OTO OtKpa. XapaKTrjpiOTI Kq 1T£piTTTCOOr| 
oitoteAei o apcpiKOiAo^ cpaKO^, o ottoioc; Epcpa- 
vi^etoi Kai oto SiTrAavo oxqpa. To KpiTqpio 
optoc; yia va 8£X0oup£ oti ExoupE ouyKAivovTa 
cpaKO Eivai auTo ttou q&q avacpEpapE. METaTpE- 
ttei kcx0e KuAiv8piKr| (TTapaAAqAq) 8£opq ttou 
TT pooTTiTTTEi TTOtvco tou G£ 8Eopq ouyKAivouoa q 
OTTOia EOTia^EI OE auyKEKpipEVO OqpElO (coria) 

Tq<; aAAqc; TiAEupac;. Av q SEjjpq Eivai Kai TTapaAAqAq Trpo<; tov Kupio a£jova 
to oqpEio oto ottoio eotio^ei ottoteAei Tq pia otto tic; 8 uo Kupi£<; ecftie^ tou 
cpaKOU. Ka0£ (Aetttoc;) cpaKO<; 8ia0£T£i Suo tetoio oqpEia ttou BpiOKovTai 
Travco otov Kupio a^ova Kai ioaTT£xouv aTTO to otttiko KEVTpo tou. 

To yEyovoc; piropoupE va to SiaTTiaTCoooupE TTEipapaTiKa. Ito 1810 0£6aia 
oupTTEpaopa KaTaAqyEi Kai q 0£topqTiKq EpEuva ttou Baai'^ETai OTq psAtrq 
Tcov 860 8ia8oxiKcbv 8ia0AaoEcov, TTaipvovTac; ewoeitoi utt' oipq Tq<; oti o 
cpaKo^ Eivai Aettto^. 

H aTroaTaoq k60e Kupiac; EOTiac; otto to cpaKO ottoteAei to SaOiKO otoixeio 
rr\<; TauTOTqTa<; tou. Eivai q AEyopEvq EcrnaKq aTTOOTaoq ttou oupBoAi^ETai 
Sie0vco<; p£ to ypappa f. H Tipq Tq<; ottoteAei KpiTqpio yia to «ttooo ioxupo^» 
Eivai o cpaKo^ ttou Sia0£Toup£. Ooo piKpoTEpq EOTiaKq aTToaraoq EX£i £va<; 
<paKO<; tooo iaxupoT£po^ piTopEi va 0Ecopq0£i. luxva, ovti yia Tqv EOTiaKq 
aTTOOTaoq xpn oi M OTTOI£ * Tai TO avTiorpocpo Tqc;, to ottoio Aeyetoi io\u^ (P). H 
povaSa pETpqoECOc; Tqc; \o\yo^ Eivai to lm _1 q AEyopEvq 8ioiTTpia (1 dpt). H 
Tipq Tq<; EOTiaKqc; aTTOOTaoq^ — ottclh; cpuoiKa Kai Tq^ ioxuo^ — E^apTaTai a) 





* Me Tr|v TTpouTT60Eoq opax; oti GpioKovTai oe SiacpavE^ TTEpiSaAAov pe piKpoTEpo Seikt^ 6i60Aaoq^. le 
aVTI0ETr| TTEplTTTCOOrj OI TtaXOTEpOl OTO peoov cpaKO! Eivai aTTOKAlVOVTE^. 
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orrro to oxetiko SEiKTq Sia0Aaoqc; (n) ttou TTapouoia^Ei to uAiko oe pia 
opiopEvq aKTivoBoAfa k«i 6) airo tic; Tipd; tcov 8uo oktivcov KapTTuAoTqTac; 
Ri kqi R 2 . H E^iocooq 





4 






8l3o OUyK£Kpip£V£C; 




avacp£p£Tai o' auTq aKpiBcoc; Tqv E^apTqoq Kai acpopa oxi povo otouc; 
ooykAivovtec; cpaKouc; aAAa Kai otouc; airoAfvovra;. Oi Tipd; R 1? R 2 tcov 
oktivcov KaprruAoTqTac; 0£copouvTai 0 etikec; Ecpooov Eivai Kupra; oi avTioroi- 
6ia0AaaTiK£^ ETricpavEiEc; Kai apvr]TiK£c; Ecpooov oi ETTicpavEiEc; aura; Eivai 
koi'Aec;. Av q pia 8ia0AaoTiKq ETncpavEia Eivai ETriTTESq o opoc; 1/R ttou 
avacpepETai o' auTqv 0a Eivai faoc; TTpoc; pq8£v. 

A^i^ei ETrioqc; va oqp£ico0Ei oti av aTr| 0£oq 
Tr|<; KUpiac; EOTiac; 8p£0£i Eva cpcoTEivo oqpEio, r| 
aTroKAivouaa 8£opq ttou 0a ekttopeuetoi aiTO 
auTO 0a p£TaTpaTT£i — p£Ta Tqv e£;o8o Tqc; otto 
to auyKAfvovTa cpaKO oe Ssopq KuAsv8piKq Tra- 
paAAqAq Trpoc; tov Kupio a^ova. 

EiScoAa otto 8ia0Aaoq. Ac; «£OTiaooup£» Tcbpa oe 
T rapaTqpqoEic; oti^ ottoiec; q8q avacp£p0qKap£: 

i) Ka0£ cpcoTEivq aKTiva ttou ttpoottHttei oto , 
cpaKO TrapaAAqAa Trpoc; tov Kupio d^ova, p£Td 
Tqv e£o 66 Tqc; qtt outqv 0a TTEpaoEi otto Tqv 
Kupia eoTia Tqc; aAAqc; TrAEupac;. 

ii) Ka0£ qxjOTEivq aKTiva ttou ttpoottitttei oto 
cpaKO KaT£u0uvop£vq Trpoc; to otttiko KEVTpO 

tou £^£px£Tai otto auTov x^P’S ouaiaoTiKa va uttootei aAAayrj oTqv 
KaT£u0uvaq Tqc;. 

O ouvSuaopoc; tcov 8uo auTCov TrapaTqpqoECov 0a pac; 6oq0qo£i va 
TrpoBAEipoupE to ei8o<; koi Tq 0£oq tou ei8coAou ttou 8qpioupy£iTai otto Eva 
cpcoTEivo avTi KEipEvo uoTEpa otto Sia0Aaoq. Tia va aTrAoTroiqaoupE Ta 
TrpdypaTa ac; 0£copqooup£ eva ypappiKo avTiKEipEvo Ka0£To arov Kupio 
a£ova oe airooTaoq (a) airo to cpaKO pEyaAuTEpq otto Tqv EOTiaKq 
aTTocrraoq. 

H TEXVIKq TOU TTpOoSlOpiOpOU TOU £l8cBAoU BaOI^ETai OTO va EVTOTTIOOUpE 
ypacpiKa to eiScoAo Tqc; Kopucpqc; (B) 

TOU aVTIKEipEVOU AB. 'OtTCOC; Kai Ka0£ 
cpcoTEivo oqpEio to B ottoteAei to 
crriypa pia<; aTTOKAfvouaac; SEopqc; 

TTOU TTpOOTTITTTEI OTO CpaKO. AtTO TI<; 

cpcoTEivEc; oktivec; Tqc; 8£opq^ Eivat 6o- 
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Aiko va ettiAe^oupe 8 uo oktive^ Tr|v TropEia tcov ottoicdv (jTropou|j£ £UKoAa va 
TrpoBAapoupE. H pia Eivai aKTiva TrapaAAqAq TTpo<; tov Kupio a^ova q ottoio 
p£Ta Tqv «TT£pnT£T£ia» Tqc; p£ to cpaKO 0 a koteuOuvBei ottco<; EmapE Trpo^ 
Tqv Kopia EOTia rr\<; aAAq<; TrAEupa^. H aAAq aKTiva Eivai auTq ttou 
K aT£u 0 uv£Tai Trpoc; to otttiko KEVTpo tou cpaKou. AuTq 0 a TTEpaoEi TTpoc; Tqv 
aAAq TrAEupa va p£Ta 6 Aq 0 £i q TropEia Tq<;. Oi 6 uo aKTiv£<; 0 a 

ouvavTq 0 ouv oto oqpEio B\ 

Ecpoaov o cpaKO<; Eivai Aetttoc;, oi TTpoormboEi^ yivovTai ps piKpEc; ycovi£<; 
Kai to cpcjo<j Eivai povoxpoopaTiKO, aiToSEiKvuETai oti Kade aKTiva ttoo 
EKT ropEUETai otto to cparravo oqpEio B p£Ta Tqv e£o5o Tqc; OTTO TO (paKO 0a 
KaT£u06vETai oto oqpEio B'. M' aAAa Aoyia oto oqpEio B' 0a ouykAivei q 
CpCOTEIVq SEOpq TTOU £KTTOp£U0qK£ OTTO TO oqpEio B. To B' aTTOTEAEI Eva 
TTpaypaTiKO tibioho to u 
oqpEiou B Kai pnopEi va 
yivEi avTiAqiTTo pe Tq 6oq- 
0£ia piac; o0ovq<; ttou 0a 
TOTTO0ETqaOUp£ OTq 0£Oq 
auTq. 

0ECOpOUp£ Tq yECOpETpl- 
Kq TTpoBoAq tou B' otov 
K upio a^ova. ripOKUTITEI 
ETOI TO oqpEio A' TO OTTOIO 
aTToSEIKVUETai oti ottoteAei 
ei'ScoAo tou cpcoTEivou aq- 
pEiou A. OAoKAqpo teAoc; to £U0uypappo Tpqpa AB' avTiOTOix^f oto 
ypappiKO e(8coAo tou avTiKEipEvou AB. A^i'^ei e5co va ETrioqpavoupE oti to 
TT paypaTiKO auTo eiScoAo Eivai ttovtote avTEOTpappEvo. 

H 0£oq tou Ka0opi££Tai (i) otto Tq 0eoq tou avTiKEipEvou Kai (ii) otto Tqv 
EOTiaKq aTrooTaoq tou cpaKou. Av Eivai a Kai 6 oi avTicrroixcs aTrocrraoEic; 
avTiKEipEvou Kai £l8d)Aou OTTO TO cpaKO, aTTOSEIKVUETai TOGO TTEipapaTIKa 
ooo Kai 0£copqTiKa oti iox^ei 




1 1 _ 1 
a + 6 _ f 



To p£y£0o<; teAoc; tou 
ypappiKou eiScoAou (A'B') 
guvSeetoi pE TO p£y£0oc; 
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tou ypappiKou avTiKEipEvou (AB) p£ Tqv E^iocooq 



(A'B') _ 6 
(AB) o’ 




444 Ta KupaTa 



q ottoio aTToSeiKvueTai 6ao£i rr\<; opoiOTqTac; to>v opOoycbvicov Tpiycbvcov 
AOB koi A'OB', ttou 8qpioupyouvrai ora oxetiko oxnpaTa. O Aoyoc; 
p = (A'B')/(AB) ovopa^ETai ypappiKq p£y£0uvoq. 



flpayiiaTIKO £l6(i)Ao OUyKEVTpCOTlKOU (paKOU 



Atto Tqv ££iocooq 



— I — = - aTToSeiKVUETai oti: 
a 8 f 



i) av 2f>a>f 




6>2f 

M >1 



ii) av a=2f 





iii) av a>2f 



f<6<2f 
M<1 

Av to avTiKEipevo BpiOKETai oe aTTODTaaq ttoAu pEyaAq oe cfXEoq p£ Tqv EOTiaKq ouvqGi^Erai 
va A£y£Tai oti «8piOK£Tai oto aTT£ipo» Kai q avTicrroixq 6£opq va 0£cjop£iTai KuAivSpiKq. iTq 
ax£TiKq E^iocooq 6a£oup£ 1/a-0 Kai ttpokutttei 6= f. To dScoAo axqpaTi^ETai oe ettitteEo 
koOeto otov Kupio a£ova. 




OavTaoTiKO eiScoAo. Me avaAoyou^ ouAAoyiopou<; piropoupE va TTpooSiopi- 
aoup£ to eiScoAo evo<; avTiKEipEVOu ttou 6piaK£Tai kovto oto cpaKO, oe 
aTToaTaoq 8qAa8q piKpOTepq otto Tqv EcrnaKq. I' auTq Tqv TTEpmroooq, q 

aTTOKAlVOUOa 6£Opq TTOU EKTTOpEUETOI OTTO TO 
aqpEiaKO avTiKEipEvo B, p£ra Tqv e£o8o Tqc; otto 
to cpaKO TrapapEVEi aTTOKAivouoa 8£opq ektto- 
psuopEvq opco<; otto Eva aAAo aqpEio B\ H Ssopq 
auTq Sqpioupyd oto porri evo<; TrapaTqpqTq Tqv 
EVTUTTOXJq £l8d)AoU to ottoio BpiOKETai OTqv i8ia 
pEpia (a£ ox£oq p£ to cpaKO) OTqv ottoio BpiOKE- 
toi Kai to avTiK£ip£vo. To oqpdo B' ottoteAei Eva cpavTaariKo eiScoAo otto 
6ia0Aaaq. To ouvoAiko eiScoAo A'B' Eivai cpavTacrriKO op0o Kai pEyaAuTEpo 
OTTO TO aVTIKEipEVO. ZTqV E^IOCOOq TTOU OUV8££l Tic; aiTOOTaOEl^ aVTIKEipEVOU 
Kai £i8cbAou p£ Tqv EOTiaKq aTTooTaoq tou cpaKou q Tipq tou «8» 0a Eivai 
apvqTiKq. 

Evav E^aipETiKO ouyKAivovTa cpaKO Sia0£T£i Kai to av0pcoTTivo porn. H 
EOTiaKq aTTooraoq tou cpaKou pTTopEi Kai p£Ta6aAA£Tai p£ aAAayEt; oi ottoie^ 
TTpoKaAouvTai otto Aeiouc; pu£<; otk; 8uo oktivec; KapTTuAoTqTac;. Otov to 
aVTIKEipEVO BpioKETai oto dtTTEipo — 8qAaSq ttoAu paKpia oe o)(£oq p£ Tqv 
EOTiaKq aiTOOTaoq — q oxetikt) cpcoTEivq 8£opq ouykAivei otov apcpiBAq- 
OTpoEiSq x |TC J0 va - Atto kei pEoao tou otttikou vEupou pETaBiBa^ETai otov 
E yKEcpaAo to pqvupa yia Tqv oirriKq EVTumoaq. "Otov to avTiKEipEvo 
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TTAqaid^Ei TTpo<^ eva cpuoioAoyiKo pan, o cpaKot; KupnovETai koi q EanaKq 
too aTTOOTaaq piKpaivEi coote to (avTEOTpappEvo) upaypaTiKo ei8o)Ao va 
8qpioupy£iTai aKpiScoc; ETravco otov apcpi 8 AqoTpo£i 5 q. npOKErrai yia tov 
A£ yop£vo pqxaviopo TTpooappoyqs tou panou. 

AttokAivovtec; 9a KOI 

Mia KuAivSpiKq 8£opq ttou TTpoaTrmrEi oe aTTOKAivovTa 90^6 TTapaAAqAa 
TTpoc; tov Kupio a^ova, p£Ta tic; 860 Sia 0 Aao£ic; pETaTpEiTETai oe aTTOKAfvou- 
oa 8£apq cpodroc;. To anypa Tqc; 6piOK£Tai 
TTavco otov Kupio a^ova, crrq 0 £aq Tqc; AEyopE- 

vqc; Kupia^ Ecrriac;. To oqpEio opax; auTO 

6pfaK£Tai aTqv nAEupa Tqc; TrpoaTTmrouoac; 

Sfopqc; Kai 6x1 — ottox; aup6a(vEi otouc; au- 

YkAivovtec; 9aKOU^— crrqv TrAEupa Tqc; E^Epxo- 
pEvqc;. H aTToerraaq tou, auo to Aettto otto- 
kAivovto 9aKO 0 £copoup£vq p£ apvqTiKO TTpO- 
aqpo A£y£Tai ki e8o) EonaKq aTrooTaoq. 'Ottcoc; Kai otouc; ouykAivovtec; 
9aKouc; 01 KupiEc; £cm£<; Eivai 860 Kai — 00c; Trpoc; to 9oko — auppETpiKEc;. 

CDavTaaTiKa dScoAa. Oi aTroKAivovTEc; 9a koi 8qpioupyouv povo 9avTaon- 
Ka £i8coAa 9arr£ivtbv avnKEipEvcov. Ka 0 £ 9avTaoTiKO d8coAo ttou 8qpioup- 
ydTai auo Eva tetoio 9aKO (i) Eivai piKpoTEpo otto to avTiKEipEvo tou Kai (ii) 
SpiOKETai ttio KOVTa crro 9aKO aTro oao to avTiKEipEvo auTO. 

O ypa9iKo^ TrpooSiopiapoc; tou eiScoAou evoc; ypappiKOu avnKEipEvou 
Ka 0 ETOc; otov Kupio a£ova Baoi^ETai oe pia texvi K q avaAoyq p£ auTq ttou 
X pqoipoTToiq 0 qK£ otouc; ouykAivovtec; 9okouc;. To ei8coAo opax; e8co 0 a Eivai 
TTaVTOTE pEyaAuTEpo OTTO TO aVTIKEipEVO, op 0 o Kai 0 a SpiOKETOI ttovtote 
pETa^u Tqc; Kupiac; sonacj Kai tou 90 kou. XTqv E^iooooq 

1 1 _ 1 

a + 6 f 

o 1 ti pEc; tcdv 6 Kai f 0 a e 1 va 1 ttovtote 
apvqnKEc;. 





MucoTrfa 

'Otov pia KuAiv8piKq 9amivq SEopq (9000; 8qAa8q ttou TTpoEpxtTai otto 

aVTIKEipEVO OTO dlTElpO) TTpOOTTIITTEI OTO 9aKO EVOC; pUOOTTIKOU paTlOU 8£V 

Ecma^Ei otov ap9i8AqaTpoEi8q aAAa Trpiv otto outov. Ba^ovTac; pTTpooTa 
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crro |j ucott! ko porri £vav aiTOKAivovTa cpaKO KaraAAqAqc; laxuoq (o ottoioc^ 0a 
(jTropo uo£ va Eivai Kai cpaKOc; £Tracpq<;) r| KuAivSpiKq 6£apq prra Tr| 6ia0Aaoq 




Tqc; crro cpaKO quto p£Ta7p£TT£Tai at. aTTOKAivouaa 8£apq p£ cmypa Tr|v £OTia 
(E) tou qttokAivovtoc; cpaKou. To oqpEio E qttoteAei yia to cpaKO tou panoo 




.X(op[\' yuaAia ,Mt yuaAia 



£va TTpavpaTiKo avTiKEip£vo to dScoAo tou ottoiou crxqpaT*^£Ta! ttovco otov 
apcpi6AqoTpo£i6q. 



YiT£pu0pe^ koi imepicbSeit; oktiv£<; 

YTT£pu0p£^ gktive^. To £TOc; 1800 O 'AyyAoc; aaTpovopoc; William Herschel 
(TouiAAiap Xt;pO£A) TrpaypaTOTroiqoE £va anAo aAAa ttoAu £v6iacp£pov 
Trdpapa. Pixvovtqc; 0 £ £va £i6iko Trpiapa pia 5£opq Aeukou cparroc; koi 
prTaKivawTac; cnT|v TT£pioxq TOU cpaopaToc; £va 0£ppop£Tpo ettixtipouoe va 
£p£UVqO£l G£ TTOIO 6a0p6 TO tp<JL><; T CO V 6iacp0pcov TT£piOXCJOV TOU cpaopaioc; 
£Tn6pouo£ Tiavco oto 0£.ppop£Tpo. H TreipapaTiKq auTq SpaoTqpioTqTa tov 
o8qyqo£ o£ pia £v8iacp£pouaa SiaTrioTcoaq. AiaTTicrTcooE oti q 0£ppoKpaoia- 
Kq au^qoq yivoTav p£yaAuT£pq otgv aTTopaKpuvoTav otto to £pu0po aKpo 
tou opaTou cpaapaToc;, tokoOetcovtoc; to 0£pp6prrpo o£ iT£piox£S ottou to 
av0pcoTTivo porn 5 ev avTtAap6av£Tai tittoto. Ettpokeito yia pia aopaTi) 
oktivoBoAio pe evtovo OsppiKa aTTOTEAtapaTa. Apketec; Sekoetiec; apyoTEpa 
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8iamoTco0qK£ oti r| «0ep|j iKr| » auTq aKTivoBoAia £ivai qAEKTpopayvqnKq 
aKTivoBoAia p£ ouxvoTqTa piKpoTepq ano Tq ouxvoTqTa xqc; Epu0pq<; 
aKTivoBoAia^. Ito yEyovoc; auTo ano8iS£Tai kgi q ovopaoia un£pu0pq 
aKTivoBoAia (rj un£pu0p£(; oktivec;) q onoia EnEKpdxqoE. 

Oi un£pu0p£<; oktivec; napouoia^ouv Tq aqpavTiKq iSiOTqTa va EKnEpno- 
vTai ano oAa Ta ocbpaTa. M^xpi Tq 0£ppoKpaoia tcov 500°C nrpinou q 
aKTivoBoAia ttou EKnEpnEi £va otopa dvai evteAcoc; aopaTq (un£pu0pq). Inc; 
apeaooc; ipqAoT£p£c; 0EppoKpaoiEc; Eva pEpoc; ano Tqv EKTTEpnopEvq aKTivo- 
BoAia apx^£i va Eivai opaTo Kai ona)o8qnoT£ kokkivo. Av TTupcoooupE pia 
onoia8qnoT£ KapcpiToa pnopoupr eukoAg va to 8iamara>ooup£, IqpEpa 
^EpOUpE OTI £Va TTOOOOTO 60% TT£piTTOU OTIO Tqv aKTivoBoAia TTOU pac; OTeAvEI 
o qAioc; Eivai oktivec; un£pu0p£c;. To ouvq0iop£vo yuaAi anoppoepa tic; 
UTT£pu0p£c; Kai q i8iOTqTa auTq a^ionoiErrai oto fteppoKqma. Oi opaTEc; 
oktivoBoAiec; tou qAiaKOu cpcoToc; nepvouv p£oa ano to SiaepavEc; (yT gutec;) 
TTEpiBAqpa too 0£ppoKqniou Kai 0£ppaivouv to eogotepiko tou. Ta Siacpopa 
ocopaTa ttou BpiaKovxai p£oa oto 0£ppoKqnia aKTivoBoAouv oto unepuBpo 
p£ aTTOTEAEopa q aKTivoBoAia xouc; va «nayi&EU£Tai» 8 ioti to TTEpiBAqpa 
Eivai (yia tic; un£pu0p£c; oktive^) aSiacpavrc;. 

Oi UTTEpu0p£c; aKTivEcj avixvEUOVTai p£ KaxdAAqAa Euaia0qTonoiqp£V£<; 
cpaxroypacpiKEc; nAaKEc;. 'Eva SiaarqpiKO oxqpa pnopei' peoa oe airoAino 
OKOTaSi va naipvsi cparroypacpiEc; Tqc; yqivqc; aTpoocpaipac; XPH^P 071010 * 3 " 
vTat; rqv un£pu0pq aKTivoBoAia Tqc;. 

YttepkoSeic; oktivec;. Tqv i'8ia rTEpmou ettoxh ttou o Herschell avaKaAunxE 
tic; «0£ppiK£^» oktivec;, £va<; Trppavoc; cpuaiKoc; enix£ipouo£ va E^EpEuvqoEi 
Tqv TTEpa ano to ic68ec; aKpo tou cpaapaxoc; TTEpioxq. To 1801 o Ritter (Pnxp) 
E^ETa^e Tq xnH« K n Spaaq tou cparroc; xidvoo oe xAcopiouxo apyupo. To cpax; 
Siaorra to xAcopiouxo apyupo Kai to cpaivopEvo auxo anoTEAEi Tq Baoq Tqc; 
cpooToypdcpiaqc;. H SianioTcoaq ttou ekove o Ritter nEipapan^opEvoc; ndvco 
o f auTO to avTiKEipevo qrav oti oi aopaTEc; oktivoBoAiec; ttou avnoToixou- 
aav orqv TTEpa ano to icdSec; TTEpioxq napouoia^av cvrovoTcpi] XHM IK n 
Spdor| ano to «opaTO» <pco^. IqpEpa ^EpoupE oti koi q «xqpiKq» auTq 
aKTivoBoAia Eivai qAEKTpopayvqnKq aKTivoBoAia p£ ouxvoTqTa pEyaAuTEpq 
otto Tq ouxvoTqTa rr\<; icoSouc; y\' outo Kai AryETai uiTEpiobSqc; aKTivoBoAia 

(UTT£pid)8EK; aKTIVE^). 

Ektoc; axro Tqv evTOvq xqp |K H 5p^ or | 'roue; oi unepicoSEic; oktivec; tt poKa- 
Aouv Kai cp0opiopo Ecpoaov BEBaia TTpocrrrEoouv oe eiSikoi acopaxa. Kupta 
Trqyq uTT£pico8(bv oktivoov Eivai o qAioc; Evcb Ta KaraTEpa Kupicoc; OTpcopaTa 
xq<; aTpoocpaipac; anoppoepouv tic; oktivec; outec; Evxova. To koivo yuaAi 
axroppocpd tic; uttepico8eh; yT outo Kai q Epruva tou<; TrpouTTO0£TEi 
Trpiopaxa Kai cpaKOU<; ano uAiko Biacpavsc; one; oktive^ outec;. 'Eva tetoio 
K aTaAAqAo uAiko Eivai o x^Aa^iac;. 
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Aktiv£<; Rontgen 

To No£p 6 pio tou etouc; 1895 o Teppavoc; cpuo ikoc; Wilhelm Conrad Rontgen (BfAeAp 
KovpavT PaivryKev, 1845-1923) peAetoucje Tq aupiTEpicpopa tcov koBoSikcov oktivcov 
crro Epyacrrqpio. 'Eva aTroyEupa Kara Tq SiapKEia evoc; ttei papaTocj exovtoc; 
okettooei tov «Ka0o8iKO» ocoAqva ps Eva Koppan paupo X a P T ' SiaTncrrcooE oti Eva 
EuafaOqro Siacppaypa (ttou eixe TOTro0£Tqo£i kovto crro ocoAqva yia va ovixveuei 
oktivoBoAiec;) irapouoia^E pia TTpaoivcoTTq Aapipq TTpaypa aKaravoqra yiaTi o 
ocoAqvac; qTav oKETraopEvoc; p£ to Siacpavd; paupo x a P T '* Orav SiEKOipE Tq 
AEiToupyia tou ocoAqva q Aapipq E^acpavioTqKE. To EKirAqKTiKO yia Tqv ettoxh EKEivq 
yEyovoc; qTav oti to aSiacpavs^ x a P T! TT0U cpTroSi^E Tq 81060 oAcov tcov yvcooTcbv 
— tote — aKTivoBoAicov 5 ev qTav oe 0£oq va epttoSioei Tq 81080 tcov ayvcooTcov 
oktivcov ttou cpafvovrav va EKTTEpTTovTai otto to ocoAqva. H oktivoBoAio auTq 
TTpoepxoTav otto to psraAAo Tqc; avoSou ttovco oto ottoio TTpooEKpouav Ta 
ocopaTiSia (qAEKTpovia) tcov koBoSikcov oktivcov. 

ISiOTqra;. EpEuvcovrac; TTapaiTEpa Tq aupTrepicpopa Tqc; o Rontgen SiomT- 
OTCOOE OTI pTTOpOUOE VO SlOTTEpdOEl KOI CxAAec; OUOIEC; — EKTOt; OTTO TO XCXpTI — 

ottcoc; to £uAo, to yuaAf kon to kooutoouk, opiopeva pEraAAa aAAa Kai touc; 
av0pcbTTivou<; iotouc;. Aicmkmoae aKopa oti 01 puoTqpicbSEic; aura; oktivec; 
— ti ottoiec; ovopaoe «oktivec; X» — £Tri5pouaav oTq cpcoraypacpiKq TrAaKa 
Kai oti q 6i£ia8uTiKOTqTd touc; 6i£cp£p£ otto uAiko oe uAiko. ApyoTEpa 
6iaiTiaTco0qK£ oti 01 oktive^ X q oktivec; Rontgen (PaiVryKEv) ottcoc; ETTiKpaTq- 
oe va Atyovrai aTroppocpcbvrai TTEpiaaoTEpo aTro Ta xnH IK( * OTOixcia 
pEyaAou arapiKou api0pou Trapa aTro Ta EAacppoTEpa. Etoi ypqyopa q 
Kaivoupia aKTivoGoAia xpn ai M OTro, n0n K£ Y ia Tr l cpcoraypacpioq tcov ootcov 
( aKTivoypacp(a) SoopEvou oti aura ttepiexouv cpcoocpopo Kai ooSeotio evco 
ra oapKcoSq p£pq tou ocbparac; ouvioravrai otto EAacppoTEpa oraix^ia 
ottcoc; Eivai to uSpoyovo, to o^uyovo, to a^cora Kai o av0paKa<;. H 
TrapaTTepa TTEipapaTiKq epevva eSei^e oti 01 aopaTEc; oktivec; Rontgen (a) 
irpoKaAouv EKTTopTrq cpcorac; (cp0opiapo) orav TrpocmiTTTouv oe of^opevEc; 
XqpiKEc; ouoiec; evco (6) orav TTpocmmrouv oe aEpia 6qpioupyouv iovra 
TTpOKaAouv 8qAa5q loviapo tcov aspicov. Oi iSioTqra; outec; ottcoc; Kai q 
XqpiKq touc; 6paaq ttovco oe cpcoraypacpiKq ttAoko xpn 01 M 0TT0,0£,VTai Y ia 
Tqv avfxvEuoq touc;. ApyoTEpa avaKaAucp0qKE oti TrpoKaAouv Kai GioAoyiKa 
aTTOTEAeapara. 

H cpooq tcov oktivcov. To ^qTqpa Tqc; cpuoq^ tcov oktivcov X TrapEpEive yia 
Eva SiaoTqpa «avoiKTO». 'Hrav apaye 6£opq cpopTiopEvcov ocopaTiSicov 
ottcoc; 01 ko0o5ike<; oktivec; q aTroTeAouoav pia Kaivoupia qAEKTpopayvqTiKq 
aKTivo6oAia ottco^ to epeoc; Kai 01 yvcoora; tote aopaTEc; uTrepuOpec; (koi 
uttepicoSek;) oktivec; ttou Eixav ouxvoTqra piKpoTEpq (koi ovtiotoixo peya- 
AuTEpq) otto to cpcoc;; 'Eva Kaipio KpiTqpio qrav q oupiTEpicpopa touc; psoa 
oe qAeKTpiKO q payvqTiKO tteSi'o. AttoSeixQtke oti q Seopq oktivcov Rontgen 
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8 ev £KTp£TT£Tai oute otto qAEKTpiKo oute otto payvqTiKO tte&io (ottcoc; 
oup6aiv£i p£ ti$ Ka0o6iK£^ aKTiv£<;) TTpaypa ttou ottekAeioe Tr|v TrpcbTq 
TOuAaxicrrov £k6oxH- H oktive^ X 6ev qTav 8£apq cpopTiapEvcov acopaTi8icov. 
Koto to xpovia ttou aKoAouGqaav EyivE ottoSekto oti oi oktivec; X ouviotouv 
pia aKopa qA£KTpopayvv]TiKq aimvoGoAia p£ auxvoTqTa pEyaAuTEpq otto Tq 
ouxvoTr|Ta tcdv uTTEpico8cov oktivcov koi cpuaiKa koi tou opaTou cparroc;. H 
8ia8oaq tou<; yivETai Aoittov p£ Tr| popcpq EyKapoiou qAeKTpopayvqTiKou 
KupaTO^. Kotco otto £i 6 ik£c^ auv0r|K£c; Eivai Suvarov va avaKAaarouv, va 
5ia0AaaTOuv q koi va Trapouaiaaouv cpaivopEva TT£pi0Aaoq<; koi aupSoAqc;. 

A£Ka£cpTa xpo v|a p£Ta Tqv avaKaAuipq tou^ o Max von Laue (Ma£ cpov 
Acioue) ^ekivcovtoc; aiTo Tqv i8£a Tq^ TTEpfGAaaqc; ekove Tq OKEipq oti oi 
oktivec; aura; 0a pTTopouoav va E^UTTqpETqaouv Tqv EpEUva Tq^ 8iaTa£q<; 
tcov aTopcov oro £OcoT£piKO tcov OTEpecov. OaivopEviKa q i8£a qTav paAAov 
oir/vq. AoapEvou oti to pqKO^ KupaTo^ auTcbv tcov oktivcov ettpette va Eivai 
inT£p8oAiKa piKpo, q TTEpiGAaaq tou<^ arraiTOuaE GXfopEc; q EpTroSia ttoAu 
I rvpcov 6iaorao£cov. Ecpooov Aoittov Ta aTopa (popia q iovto) Ta OTioia 
wUyKpoTOUoav Ta KpuaraAAiKa TrAEypaTa SpiGKOVTav a£ aiTooTdo£i<; Tq<; 
• a^qc; p£y£0ou<; auTou tou pqi<ou<; KupaToc; Kai o£ opiapEvq ottcoc; 
<IIOT£UOTaV SiaTO^q, OI aKTIV£^ X 0a pTTOpOUOaV TTpOGTnTTTOVTa^ OE 
KpuaraAAouq tcov otepecov ocopaTcov va TrepiGAcovTai Kai va Sfvouv pqvupa- 
ra iKava va TTepiypacpouv Tqv «apxiT£KTOviKrj» tcov KpucrrdAAcov auTcbv. Ta 
MToueva xpdv'Q H p£0o5oc; £^£A(x0qK£ p£ Tq ouv£pyaa(a tou W. H. Bragg 
(Trcrrcpa) Kai tov W. L. Bragg (yiou) oi ottoioi paAicrra poipacrrqKav to 
8pa8do Nobel (NoptteA) tou etouc; 1915. H TEXviKq tou<; aTToS£ix0qKE 
TToAuTipoTaTo «EpyaAEio» orrqv EpEuva Tq<; SopqcjTou aopaTou piKpoKoopou 
tooo yia tou^ KpucrrdAAouc; tcov otepecov uAikcov, ooo Kai — apyoTEpa — yia 
Ta yEVETiKa popia tou av0pcbTrivou ocbpaToc;. 

Meto Tq VEa avaKdAuipq to yvcocrro pexpi tote cpaapa tcov qAEKTpopayvq- 
TIKCOV aKTIVoBoAicbv EpTrAoUTIOTqKE. Ol UTT£pU0p£<; aKTIVE^ TO cpco<;, OI 
uTT£picb6£i^ oktivec; Kai oi oktivec; Rotntgen aTTOTEAouaav ti<; qAEKTpopayvq- 
tike^ aKTivoSoAiE^ ttou eixcxv Tqv fSia cpuoq, 6ia5i5ovTav co<; qAEKTpopayvqTi- 
Ka KupaTa oro kevo pE Tqv (5ia TaxuTqTa tcov 300.000 x<Aiop£Tcov ava 
SeutepoAettto Kai 8i£cp£pav oti^ Tip£<; tou pqKOU^ KupaTOc; Kai Tqq 
ouxvoTqTac;. 

napaycoyq. Iqpspa oi oktivec; Rontgen SqpioupyouvTai p£ ocoAqv £<5 
ucpqAou kevou OTa qAEKTpoSia tcov ottoicov Ecpappo^ETai uipqAq Taaq Tqv 
OTTOia TTafpvoupE otto pETaaxqpomoTq. Xto eocotepiko auTcbv tcov ocoAqvcov 
SqpioupyEiTai 6£opq Ka0o5iKcbv aKTivcov, SEopq 5qAa5q otto qAEKTpovia, Ta 
OTTOia ETTITaXUVOpEVa OTO X^P 0 pETa^U TCOV qA£KTpo8ltOV aTTOKTOUV pEyaAE^ 
TaxuTqT£<; Kai OTq auvEXEia q TrpooTTTCOoq touc; crro pETaAAo Tqs avoSou 
(avTiKa0o8ou) auvoSEUETai otto EKTropTTq oktivcov Rontgen. 

'EkBeoi]. O opo^ «£K0£oq» avacpEpopEvoc; oe pia oTroia8qTTOT£ aKTivoBoAfa 
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(Rontgen, paSievEpyo, KoapiKq k.Att.) tmoSqAcbvEi to noaorr)*; aKTivo6oAi'a<; 
TTOU TTpOOTTl'TTTEI OZ EVa uAlKO. METplETOll p£ TOV O(pl0p6 r\ TO (popTIO TCOV 
iovtcov ttou 6riP lotJ PY £ITai KOcQtiot; H aicnvoBoAi'a TTEpva peoa otto a£ P a 
opiapEvr^ noaoTHTas- H pova&a 1 rontgen (1R) avTicnoixei at tK0Eor] koto 
Tqv oTToia TTapaY OVTOtl |£, vTa ouvoAikou cpoTiou 2,58-10 4 C at 1 kg £r|pou 
aepa. 



PaSievepycia 



Aiyouq pqveq apyoTepa (1896), aKoAou0cbvTaq Ta \ yyr \ tou Rontgen, o raAAoq 
9001 Koq Henry Becqurerel (Avpi MttekepeA 1852-1908) oSqyq0qi<£ oe pia avaicaAuipn 
aKopa ttio EVTUTrcoaiaKr). AvaKaAuip£ oti 01 KpucrraAAoi Evoq opiapEvou aAaToq too 
oupaviou £^£TT£pTTav au0oppqTa pia aopaTq aionvoGoAia q onoia pTropouoE va 
TTpooBaAAEi Tq 90)ToypacpiKr| TTAaica, va TTpoKaAEi 8qAa5q pia 8paoq 

To EVTUTTcnaiaKO opcoq o ' auTq Tqv TTEphTTCooq BpiOKOTav oto yEyovoq oti q 
EKTropTTq Tqq aKTivo6oAfaq eSeixve va dvai aSiaKOTrq koi va aup6aiv£i avE^apTqTa 
ott 6 to av q ouafa cpcoTi^OTav q 8 e 9G0Ti£;6Tav. 

Ap£oa>q p£Ta Tqv avaKaAu9q tou Becquerel, £va ^Euyoq xn^ 1 *^' ° l~aAAoq Pierre 




Curie (Hiep Kioupf 1859-1906) Kai q lloAoo- 
v£^a au^uyoq too Mapfa (1867-1934), pia 
otto Tiq TTpcbTEs yuvaiKEq TTOU ep9avfcrrq- 
Kav OTqv lOTOpia tcov ETTiarqpcbv, aveAa- 
6av va EpEUvqoouv 6a0UT£pa to pucrrqpio 
Tqq au0oppqTqq EKTTopTTqq. EpsuvtbvTaq 
Tiq iSioTqTEq Evoq opuicrou tou oupaviou 
ttou A£y£Tai TTioooupaviTqq ava«aAuipav 
oti EKToq otto oupavio TTEpiEix^ TouAaxi- 
crrov pia aKopa ouafa ttou e^etteptte tetoi- 
ou EiSouq aicnvoBoAfa Kai paAicrra evto- 
vcbTEpa aiTO to oupavio. 'YaTEpa otto 5uo 
TTEpITTOU XpO vl0t eVTOTIKqq EpEuvaq koto- 
9 £pav va evtottioouv o\\ ev a aAAa 6uo 
ayvcocrra Tqv ETTOxq EKEi'vq OTOixda ttou 
E^ETTEpTTav aKTivoGoAia Trapopoia pE auTq 
ttou six? avaKaAu9Ei o Becquerel. To Eva 
otto Ta Kaivoupia OTOixeia p£ crropiKO 
apiGpo 88 to ovopaaav Pa5io (Ra). To aAAo p£ aTopiKo apiGpo 84 ovopacrrqKE 
noAcbvio (Po) yia va Tipq0£i q TraTpiSa Tqq Marie. Ito Kaivoupio 9 aivop£vo 5o0qKE 
to ovopa padtevipyeia. 

rioia qTav opcoq q TTqyq Tqq puaTqpicbSouq auTqq paSiEVEpyciaq; KaTa Ta xpo via 
ttou aKoAou0qoav —koto tic; apx&S 6qAa6q tou aicbva paq — Ta oupiTEpaopaTa Tqq 
TTEipapaTiKqq EpEuvaq EpTrAouTiopcva p£ Tiq Kaivo9av£iq avnAq9Eiq yia Tq 8opq Tqq 
uAqq oSqyqoav Touq cpeuvqT cq oto va uTTocrrqpi^ouv auTo to ottoio 5ex opacrre 



H Mapia Ktoupi- 
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aKopa koi oqpepa. H paSiEvepyeia Trqyd^Ei airo Touq Trupqvsq tcjv aTopoiv Tqq uAqq 

ki auTo efvai kot! ttou 8e cpaivoTav va aup6aiv£i yia Kapfa aAAq otto Tiq yvcooTEq 
aKTivoBoAieq EKEivqq TouAaxiaTov Tqq ETTOxqq. To tpooq yia TTapaSeiypa OTToaq kcu 01 
UTTEpuGpEq, aAAa koi oi UTTEpicbbEiq aKTivEq TrpoepxovTai otto SiEyEpociq qAEKTpovicov 
Evcb Kai pe tic; oktive^ X aupBaivEi k6ti avaAoyo. 

H q>uoq Tijq pafiiEvtpyciaq.' Atto nq TTpcbTEq KioAaq TrapaTqpqoEiq tou 
Becquerel SiaTTiaTcbGqKE oti oi aopaTeq auTEq aKTiveq ucpicrravTO EKTpoTrq 
otto payvqnKO tte8(o Trapopoia p£ Tqv EKTpOTTq ttou TrpoKaAErrai oe 8£opq 
Kivoup£vcov cpopnapevcov acopaTiSicov. H cpopa Tqq EKTpoTTqq Trpo5i8£ Tqv 
unap^q apvr|TiKOu cpopnou. Oi TrpcbTEq auTEq TrapaTqpqaEiq qTav oteAeic; 
koi 6ev aiTOKdAuTTTav Tqv Tiapouofa aAAqq popcpqq oktivcdv r| orroia 
aiTOKaAucpOqKE Afyo apyoTEpa. XuvTopa 8iaTricrrcb0qK£ oti — omoq koi oi 
aKTivEq X — q pa8i£V£pyoq aKTivoSoAia iovi^ei to aEpia. H i8iOTqTa auTq 
ETTETpETTE OTOUq EpEUVqTEq — EKTOq OTTO TqV OVIXVEUOq Tqq aOpOTqq OtKTIVO- 
BoAiaq — va Traipvouv Kai TroooTiKtq pETpqoeiq euKoAdrrepa, EvvoEiTai, otto 
Tq cpcoToypacpiKq p£0o8o. 

0 Ernest Rutherford ('EpvEOT PaSEpcpopvT 1871-1937) Evaq otto Touq mo 
a^ioAoyouq TTEipapanoTEq Tqq Eiroxqs aEjiOTTOicbvTaq Tqv i8iOTqTa too 
loviopou otteSei^e oti oi aKTivEq Tqq paSiEVEpyEiaq qTav 8uo SiacpopETiKcbv 
Ei6d)v. Tiq ovopaoE paAioTa a (aAcpa) Kai 6 (6f|Ta) xpn ai H OTTOI ^ VTa< > Ta 5uo 
TrpcoTa ypappaTa otto to eAAqviKO aAcpaBqTO. Evcb oi TrpcbTeq (oi aAcpa) 
aTToppocpcbvTai ano pepiKa EKaTocrropETpa a£pa oi 8£UTEpeq (oi 6qTa) 
pTropouv va SiaTTEpvouv pia TrAotKa aAoupiviou TTaxouq Evoq x 1 ^ 100 ™^- 

01 «6f|Ta» qTav oi aKTiveq ttou eixe avixvEUOEi o Becquerel. KivoupEva 
apvqTiKa cpopnopeva ocopanSia. EKToq otto amxq o Rutherford aTreSEi^e oti 
crrq paSiEVEpyo aicnvoBoAia TrepiEXETai Eva aKopa ouoraTiKO to ottoio 
T rpoKaAouoE icrxopo loviopo aAAa 5 ev pTropouoE va SiaTrepaoEi AEiTTOTaTa 
cpuAAa aiTO aAoupivio. 'Htov oi AEyopEVEq aKTivEq «aAcpa», oi OTroieq 
ucpicrravTO Kai auTEq EKTpoTrq otto payvqTiKO tte8io aAAa oe avTi0£Tq — oe 
ox^oq Trpoq Tiq 6qTa — KaT£u0uvoq. To yeyovoq cpavepcovE oti rjTav Kai 
auTEq cpopTiopEva acopaTiSia, aAAa pe qAEKTpiKO cpopiio 0 etiko. Atto Tiq 
TTapaiTEpa pETpqoEiq 8iaTTioTcb0qK£ oti to acopaTi8ia 6f|Ta 8iaTT£pvouv 
OTpcbpaTa uAikcuv ekoto — Kara peaov opo — cpopeq TraxuTEpa otto Ta 
AETTTa OTpcbpaTa ttou avaKonrouv Ta acopan8ia «aAcpa». Ie Trapopoia 
oupTTEpaopaTa KaTEAq^E Kai q EpEuvqTiKq 8paaTqpioTqTa tou ^Euyouq 
Curie. H paSiEvepyoq aKTivo6oAia cpaivoTav Aoittov va exei Suo auviaTcboEq. 
H aiTocpq opcoq auTq avaTpaTrqKE. Aiya xpovia apyoTEpa o TaAAoq cpuoiKoq 
Villard (BiAAap) otteSei^e oti Kai pETa Tqv aTroppocpqaq tcov acopaTiSicov a 
Kai 6 oi cpcoToypacpiKEq TrAaKEq cpaivovTav va ETTqpEa^ovTai otto KaTTOia 
aopaTq aKTivo6oAia ttou Trapouoia^oTav etoi i8iaiT£pa SiEiaSuTiKq. ETTpo- 
keito yia Tiq AEyopEveq oktive^ y (yapa) oi oTrofeq Epcpavi^av pia ouaiaoTiKq 
8iacpopa otto Ta acopanSia a Kai 8, Soopevou oti uapa nq TTpoond0£i£q 
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TCOV EpEUVqTCOV KOVZOC; ElSouq EKTpOTTq — OTTO 0005r|TT0T£ loxupo payvqTIKO 
q qAeicrpiKO tteSio — cpaivoTav va aupBaivEi otic; aicrivEq auTEq. 

Aiyo apyoTEpa aTTo6£ix0qK£ oti 
T a apvqTiKa cpopTiapEva acopaTi- 
5ia «6qTa» Eivai qAeKTpovia p£ya- 
Acov TaxuTqTcov Ta ottoio ektte- 
pTTovTai ano Touq TrupqvEc; Tr|c; 
uAq<; Kai x a P aKTr IP^ OVTai otto 
psyaAq noiKiAia Tipcbv EvepyEiac;. 

EpEuvcbvTac; ETnoqq Tr|V EKTpo- 
Trq tcov acopaTiSicov «aAcpa» aTro 
payvqTiKo tteSio o Rutherford 
otteSei^e oti to tit|Aiko (q/m) tou 
cpopTiou Ka0£ acopaTiSiou Trpoq 
Tq pa^a tou avTioToixouoe oe 
acopaTiSio Trapopoio p£ TTUpqva 
tou aTopou tou qAiou (He). Ie Eva Kpfoipo TTEipapa ttou EyivE ora 1906 
aTTo8£ixTr|K£ oti TrayiSEuovTaq ti<; aKTiveq «aAcpa» Eivai Suvotov va Trpoicu- 
lp£l aspio TO OTTOIO SiaTTIOTCOVETOI oti Eivai qAlO. 
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aAoupivio 



To acopaTi6io a oupBoAi^ETai ottolx; Kai o TTUpr|va<; qAiou |j£ ^He. O apiGpoc; «2» (aTopiKoc; 
api0po^) pac; Sivei to rrAqGoc; tcov otoixeicoScov cpopTicov (e) tou ocopcmSfou Kai — crrr|v 
TTEpiTTTCOorj auTr| — Kai to TTAqBo^ tcov TTpcoTOvicov. O aAAoc; api0po<; o «4» (pa£iKO<; apiGpoc;) 
uTTo6r|Acbv£i to ouvoAiko TTArj0o<; tcov otoixeico6cov ocopaTiSicov otto to ottoio aTTOTeAerrai 
to ev Aoyco ocopaTi'Sio. O Trupqva^ rjAiou iTEpiEXEi 5uo TTparrovia Kai Suo veTpovia, Teooepa 
ouvettok; crro ouvoAo OToixEicoSq ocopaTifiia (voukAeovio). Koto avaAoyo TpoTTO to oupBoAo 
2 ||Ra pa<; TTapaTTEpiTEi oe Trupqva pa6iou-226. npOKeiTai yia Tiupqva pe 88 TTpcoTovia, pe 
rjAEKTpiKo cpopTio +88e Kai pe 138 veTpovia, ouvoAo 6qAa6q voukAeovicdv 226. To oupBoAo 
2 9 ®U UTToSqAcovei TTupqva oupaviou-238 pE 92 TTpcoTovia qAeKTpiKO cpopn'o +92 Kai 146 
veTpovia. 



Oao yia ticj aKTiv £<5 y oi Epyaaiec; Kupico<; tou Rutherford ETTEioav oti to 
SieioS utiko auTO Tpqpa Tq<; paSiEVEpyEiac; Eivai qXeKTpopayvqTiKq oktivoBo- 
Aia OTTCO^ OI U1T£pU0p£<;, TO CpCOCJ, OI UTTEpiobSEIC; KOI OI OKTIVE^ X p£ OUXVOTqTa 
opco<; pEyaAuTEpq otto Tq ouxvoTqTa tcov oktivcov X. E^uTTaKOUETai BeBaia 
oti q avaicaAuipq tcov oktivcov y SiEupuve to yvcocrro pa<; cpaapa tcov 
qAEKTpopayvqTiKcbv oktivoBoAicov. 

KaTa Tiq SsKaETiEc; ttou aKoAou0qaav aTTo8Ei'x0qK£ oti q EKTTopTTq 
pa8i£V£py£ia<; ox£Ti^£Tai p£ to ^qTqpa Tqc; TrupqviKqc; Soprjq. Avayvcopicrrq- 
ke oti oi TTupqvEc; tcov Siacpopcov crroixeicov (iootottcov) 6ev exouv Tqv i8ia 
«aTa0£poTqTa». Ka0coq o Trupqvaq evoc; aTopou teivei va psTaTTEOEi oe 
K aTaoTaaq pEyaAuTspqc; ora0EpoTqTaq ekttepttei pa8i£VEpyEia. 
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PaSievepya crroixda 6£v Eivai povo to oupavio, to ttoAcdvio koi to pa8io. 
'OAa axdiov to crroixda ttou exouv orropiKo api0po pEyaAuTEpo otto 82 
(TrupqvEq 8qAa8q p£ Travco otto 82 TTparrovia) £K8qAcovouv au0oppqTq 
pa5i£V£pyo EKTTopTrq ocopaTiSicov a koi oi TTupqvEq Touq pETaTpETTOVTai a£ 
8ia<pop£TiKouq OTa0£p6T£pouq TrupqvEq p£ piKpOTEpo 
aTopiKO koi pa^iKO api0po. O TTupqvaq tou paSiou 
yia TTapa6£iypa p£ Tqv EKTropTTq Evoq otupaTiSiou a 
p£TGTp£TT£Tai oe TTupqva pa8oviou p£ aropiKO apiGpo 
piKpOTEpo Kara 8uo povaSEq koi panned apiBpo 
piKpoTEpo Kara TEOGEpiq pova8Eq. npoKorai yia ku- 
pioA£KTiKr| pETaaraixdcooq. OpiapEva otto to uttoAoi- 
tto oToix^fa OTrcoq to koAio (K) Kai to pou8i'8io (Rb) 

EK 8 r|A(bvouv ETTioqq au 0 oppqTq (cpuoiKq) paSitVEpytia 
6 q ottoio TrpoKaAEi pEraoToixdoooq. Eva tetoio 
TT apaSEiypa Eivai q pEracrroiXEKoaq tou varpiou qe 
payvqoio. Ae 8 opevou oti to acopaTi 8 io 6 oupBoAi^Erai 
OTrcoq Kai to qAEKTpovio p£ _°e pnopoupE va ypaipoupE 

24 Na _> 24 Mg + _0 e 

TeXvqTq PaSiEVEpyeia. EKToq opcoq otto auTa, to EToq 1934 8iaTTioTco0qK£ oti 
pTTopoupE va 8qpioupyoup£ paSiEVEpya crroixda (lOOTOTTa) p£ TpoTrauq 
TEXvqrauq. Av yia TTapaSEiypa 6op6apSiaoup£ Eva cpuAAo aAoupiviou (13AI) 
p£ ocopaTi8ia a 0a TrpoKuipEi to ioototto cpcoocp6poq-30 ( 15 P) to ottoio Eivai 
pa8i£V£py6. ripoKEirai yia Tq AEyopEvq TExvqTq pa8i£V£py£ia. 

Eivai paAiora xapaKTqpioTiKO oti Ka0£va otto to ocopaTi8ia ttou ekttepttei 
o paSiEVEpyoq cpcoocpopoq-30 £X£i pa^a faq p£ Tq pa^a Evoq qAEKTpovfou Kai 
qAEKTpiKo cpopTio e aAAa 0 etiko. To acopaTi8io auTO Aeyetoi iro^rrpovio (+6 
q + ?e) Kai avaKaAucp0qK£ otto tov Anderson aTqv KoapiKq aKTivoBoAia to 
ET oq 1932, 8uo SqAaSq xpo v,a Trpiv otto Tqv avaKaAuipq Tqq TExvqTqq 
paSiEVEpyEiaq. 

MTropoupE va ypaipoupE i°P — » i^Si 4- +?e. 

A$i£ei teAoc; va TovfooupE oti oe Ka0£va otto Ta cpaivopEva ttou 
TTE piypaipapE TrapaTqpEirai a) 8iaTqpqoq tou qAEKTpiKou cpopTiou 6) 
SiaTqpqoq tou api0pou tcov voukAeovi'cov y) SiaTqpqoq Tqq EVEpyEiaq Kai 8) 
8iaTqpqoq Tqq oppqq. 

Xpovoq uiroSmAaoiaapou. O pu0poq EKTropTrqq Tqq paSiEVEpyEiaq p£Tpi£- 
Tai oe povaSEq Becquerel (MttekepeA). To Eva Becquerel avTicrroix£i oe pia 
Siacmaaq ava SeutepoAettto. ZupBoAi^Erai p£ 1 Bq. H TTOOOTiKq EpEuva tou 
cpaivopEvou paq bt\yye\ oti o pu0poq EKTropTTqq pa 8 i£V£py£iaq evoq ouyKE- 
KpipEvou TTapaoKEuaopaToq Trapouoia^Ei a 8 iaKOTrq peicoaq. 

Aq UTro0£ooupE oti oe KaTTOia xpoviKq aTiypq — Tqv ottoio 0ecopoup£ coq 
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